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m&&r ^  fix  ^  of ^  0 m m  ^
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w iM m  t i ^ t o r  t o  &t s m ^ l  m B s m ^ U m
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Mxt^} tie ai^tast iai lisss liK ^  ^ 3i^}o^tioii» !%@Ft 
rnm^ms^msmw U w #  3Dad« C lie^ nmm§. t f l f t  | i »  
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mm%t@ ^  ^^ ms^ lmSL em tm ^9 ^  ^  ipiar«
p e ^ ^  I r  ^dssSm- ^  M  m pfo^^st^bagk an i
^ 9  a t ^ i  ^  m es^im  mm^ t^mm^
f!rm t^ t ^  r is k  o f ii3Lt@rte ^  iscspssitlci^
B®p« ^  to S i^  mitoSit^ ^  arySi^* ^sssned 
msA JtetwHit la  tills f|0M » i^ t Sfi
m& s@w«eE*Bgr@ i : ^  ^^m^sdxfm ^  srt^i^tng ^
eoi|»CNittlaii €if sQch flle^ oa!@ csf <»r^3e^fi»trle»
p0tm tioe^r^e l^1liis^fiio@ «'sit) ma& ^^anaoaetrte..
rn^m A ^  m m a m ^ssi^  t r  ^
C #«ser# 'ai^. flis«9 I W t  1^  a ttla o ^  1m ^m lm s^ka^
^  tsi preeip£t&t«^. $& ^istm  Psem
mms:^B m stm ^ m  m  tM s lSs@ mm t s i ^  aaS 
titd o f %be ia9^  tm T Q e ^ s a ^  <si3p$>Si^s^
^p©  m^M sm fmpr1bs^mMe$ t m ^
9
tm rrt< ssm $,^§ w m m ^m  m ^ ^m Sx^Sls I s l i^ t  ^ Sm
tme%^ssMm§ Wsmtsim gretsi.^ese'^ eni^ sel feaapoe^ iMil^
trn ^ i^m ssm  CB«^« oa»tf lea  ^ 4«S« UNitl^eSiaarTSt JIn r*
c^si*  m e ^ , t m ^  i i »  3<^« ^  m a t  i 2^  i^ t»
aS if f lii^ t l if t  ^  masmsk m d  i i ^
t f s t f  ^ t  ^  ^
xmwrn I*  # i  ^
AA» lNi^i£^ttl9i# S@il« C i^»» IfHik iS0 k7%%
m m ^ %mrn m  n m  M b W 9U
i^ 09» ma& ^ms^ m e^ tm & » m& m 3Sk M£i
norit . n e t «e ^  eC i ^ »
aim esttw * uM aii#  tiiiia.%# fw rnsepsits^i# 'M  i J j^  w tM M  
tliilir  IPS m&
M tt^ ie n r iP b^m  tliM N it Asm
Smmrn W m mse^ imu^emrn} ^  ^
I N i^  €€ e tW  fian m ^ w i^e i iT
Hi» I f i t f ^  iH iB^im  li i^ ti i« i $M l@
«qS i»ta ps^ tS stl of ecq^ xa^  i^*t;roiir# IsS*
efe®i  ^ a b  «2a | i W t
^a&Ciilm 1^  Prmrn ^ t «  a e t ^ a ^ t  Clcislia)^ I f l^ t  
?i^igili of m&
s t iw  wm^mmm iSmpm Mm s^mm soe«t
S #  5@t># tsas^osm tim  of ilae
iimmrn £@i« CiMii« 3oo«i ^  511# P n^ im
Tm liQ ais liiQ is C«T# w ^ m  ff$ 5» JSb ^ 1
oodPL^dgi sM tos «esiMf«tta idi»m i r a  m ar 
jM osM tim  wtoom cso^oiiifSs* b^mm
mm Ctl tS m ^ w m m m m ^ m& ix m
fwrocgFimlde p its mmt la t^  o<aiol;S8
%r QCQ«S9 of i t l t  ^
m r ie t im  %rit& i^ i^ s i s  H»mi9 msHM glim i^2ao^
•  I© •
eorfos pcsiattn^ ^ la ilss its r
m  c iii}  p m d M it M it^ n e s
1^  <sQlialt# n l i ^ l  m& s$Xwm^  t& prix!m d^ ma ho ^m»Smd 
W  QsOu, t ^  v s ^  ^
1^  m t$£m  ^U ic^sroiyt^ tlircmg^ ^ tn g  tm if@ipim 
ixri@r c€ nssMx’ a i m ^ i i i i t  Ci^) (S m ^B
t e i s i  €Oft0i3ls« ig ii i»»P02at®i v ilii ^  csis^big^isa^
#  ecm teir iixis «ti^ ppo^^SM 0M e m e  Sm  ttm  yb e& a ^m  
of aasorpttsBt wmst$m  cbmalcal in t^ s io tto
ti^ tiiim  ppscrt^tmtlxig isid tmm if&msiasmdidm
im m }^ ^  M  fm m m im  m<i I?n^!lsal3s gels em  ^  (^ ta ia td  
wsi ^uSmxtsfls elKHflz^  that t!^  asnaitto^
o f iim  «os^t@3E33» W mtimf t l ie ^  g€ls ^smstettmaA
in to  'i£m oemQtt^m  t r  dilnticsg^ tlidix* ^  
m%W:m iB  t ^  mnw^ p f^^rtlo Q  ^  ^ 3^ rsi;
tM  it^&sUmtm l»ti»i®a I.«fe04 ^  » iJ  ^
•^'Q tsi& tm  m m ts ^  cm ^U ism
p&MM m m  s&t l lM t^  to  M  mm ot eooaueta^& t^t 
^ia»3£m t3*ie a i^  p^mt% mstsp$js ^
niif te e ^ s d ^  c^ a^ l^efo^ tsr tmSsg
1 ^  tise ^b tid^ttoa ^  ^sest
ISo3.^ig^» tm  ^ e  f i r s t  tisie
to tim t ^  ^  p(^iit in  i ^  
t t ^ t i m  c€ s^Grmspoodsa to ^
•  f l •
pp@<^pimti0R of CI.II* m m sg ^  ani IM J a l Fan,
Srn»m mm^rn O to#  Soe*, J y ,  3332)* l®t®F «a 
I|>S# mA n m r n  immrn ^30^  11^ ,  I f ^ t
Ip  F# irnimm M s ^ . ,  if s ^ t  s,o#
mmltsk msd S«C* (4p ^  tM ifirs ity  J^ar« t 1955# 4 » 
COTPiBfe 1^ ,  216)^ a* D*JMa»*© < im l* OWa*
♦9ff* i^«T O eti4e UtmtSjom  Ss
fsr?JU2 f®rro- msd 
^ i^ p ^ sn e t aisl ^
ci3^®ses of al»3®sd t o t
t te  <K3^1« CFeC^^«am^>"^ m s foTOd t o
0f soait© te s s ^ t®  i# i^  pet^ssfus f^ofrtwnia®# ^3dt) 
Tfts ^ 3  H«E* lilgiteets* P*
Qsn!»lea oat; golMs&gfU^Q tS.tmtt^sm v li^  m m ^ l 
fM t ^  ferrocQn^l®  a®  ^ itK^rtsat® 
pedLarogsu^^ msifQse^mt
iJttt tlii i^ictEE^^ W0 aet^^UKitioii
-W3 'imm  13m I te t  or ^  itwo^raisja©# ^
i^ e m t sBj^ tjagre*!* b®s£a#s se^
psABTO-3m^§ ^  ^ l0 sm ts^  l^tsmtioR eisA tm,
s s^ m ^ e  m^s&Brn A ^« ^  i&ix^#
CMa* Aetm»t tS33 tsai a fa r  tl«i
e o to r^ tric  of I s  strcm:;:!^ solntiOEi
^  wmm ^  g«g»m t^ iT ssoSic CKi^tioB
Fe55r/~* ®t s  P lr ®ao^ @* H» <# tiie s»tli«iaO . \
m .s f^s^tsibe^tlid lii I«4« Kor^ttsxi^ 1^ 1#
Ct^ie^Usai 41^tm«rts 1^57# P* 2446^ 1 Isff^stigaM
^  i» »  in  wms^ m Istwem
a  m g d  «dr 15^ ^  afP^t fm ^  im
ptomm%9 &t P vm ^im  W m  w M M t Ijm m t 
im ixm  m^gmm a t lii#i»r aad t ^ t  l!iBid»ns
Mm ftt loir mM M t grmtmf m im m e
t t e i  m m $ m  Wmrn A«n* Cf« PIsr* M»
9M§ 1# € l i ^  tffD t j | ^  a
fiiam X  ^rr@lftti<9ii Hi* m tt of oT i t  aiii
im  aKp^ntSe in  csiafitiaci
@r hmms^ mai^ mm  ^ $Msm in  mtsxtimm 
^  ffAmmmmt of mm msm^Mge @f ^
i^a«di cffi ^ ^ i ^  6iit^ i3ds« mm m^e ts» «9«
^ wm^sxt tm  ttie 
m U m ^ m , ^  m w m ^  ^  m t ^  Icmw  I& m m ^ i m
i t  9803S %o mk© @ lsri@f <jC tte
of a^»  mA tm F ii|i^«  maert^ out
@f f*m o^i^ii^ « i^  M tsa^ <lQill«
Smsrn^ W%% M t ^  ^  m lm m W ie
^^mrwamUm of e«Hm W p^^mSxm tmoG f^mOM
i^mprn (^ ernm ^ * 1  jyb  ^ ) *  Q b ^ »  ^  
««pi« ^iire i ^ i t t e ^  I r  titap ttt^  ^  «i&8«i ^  p9^9sl» 
a f t ^  tifet m ^ l# te  p p i^ i^ ta ^ ta  ^  
f^sp^iim  a»M  %liil« la  t ^  ^«e @f
a  m tm M t m%Mim &£ ^sm'bmam m s m^A m
m  iadieiit^# X# Fnpta iSm C^ emm 3oo« Fisni
♦  13 •
Mm m  a b  m n
I f ^  H i  «9^ 1m t«d  t e i t  sH^9^ t  S i^ l^ t
m03i^ t^  m& mmemsy C ii) m  wmS^
Cl«iia^t m o r n u  i l ^ m ^  m ^ }  m
rnm m ^em  tm  Use U fa m ^^m  cT m m . t m *  Bcufvi^i 
^  fti^M ls is  d o ii^ m
i^bs0# ^  tts0 tm m U m  of
i ^ l l  Is s m  fisr
^ i i r  l i^ ^ ^ r t le  oM
im ^m  a ^  W  i t  ^  pmMtm»
i«(^3sp4^ t l ^  ^  p@l»iMitai f«fri>epiait^ 'W m M
imm  %e m ^m m m  wi211»  @gil# $m p m m ^ im
mm p ^ m m  ^  p o m ^ u u tr  ^  ^
of m M  fm rm ^m M m  W  ^ W  m U l tmm  
mm tm  ^  f$m ^ tSa«» f •  nM m  Cctoi# ^Sis^#t
I*  1^  i9ib^fv@i ^ t  t «  l a  iO t@ ^  
m tM im  a»til3r»i ^  fom itiisfi a f I^ ^ L a s
Wm ttm  i^ U^NdLi m sm S3^ to
♦  2S # 4 S^ 4> %  s  4 ♦  24 r a  ♦
/
M s  ^Ulmmm tm  msm
^ m  |»@rs m^- ^as t&loai^  w 3r
I r  WamSrnmmt- yim mm wmtfs^ ^a o M y^m
•  14 •
mim Twmm mSkWrn Vtm SplmEIB w S  COTSlBliSrotoB
P m m $m  m n» im m m  * ^ # t  t a p |  tM d , 22a ,
1M^) tmt also filll OQ tli@
mam^m rnm  t ^ »  S *  23^  ^ M i 03r
i3lsrt@ a ^  s M ta s  0I& t ie  tim
%fm In  m^mmm W  m
o»i«n«a mmt nm m m  ^  or mm
fl^p«t 1^ i t s  ^ m m tm ^ m  txit m s warn
m m t Is  ^  1^  nei<idLtiii9»
Fk£Ttta» litKft wsm tm m ^  ^ is^ m  ^
H it n t %sm^ rnM iM mm ^
IM^K ma& 1 to  5 1 E*" ^  p e s t l e s  «^peai?®a
ii^  een^ iS 1  ^ %r or Ir
^  9t 0:te t ^^ijeim tlim  f iip ^  I r  nM mseUfmmm  v i ^  
C Fe^l# ^  © stisatiflii* fh«
n i^3d  §mm mcHSK^  fm  ^ ts M ria tte
f t o t  t e  iK |l m& m m  tm
rn tm rn t m%mt fif^m m  tls@@ I |) #  TMs 
wm ^Lm f&m  ^ t& f i t  ia  ^  mt ^
fm  W» h^gis^^mam ^
f o r ^  i« i^tiQ ii m s  sii^ f^Qiw€f
> % ©  -^ t i ^ ^ © l  , ♦ c i r  i^N »  »w«rtafe«)* 
r « i lM d  w  ^  €C I r  ^  Ii^«iii»ilie 1^
^  ^  x ^  ^cxistait f »  tlie
i^tsme^ea»»wi# s«  M  im s rnm im m m  m  tk^s^sS^
m 15 •
in  fim  o itltm tlsii m m m  ^  ^  TmesUm
wm W0& r n m e M a ^  W m  ts ^  tM $ ,m
mm eiT m ^m m  p m rn ^ m  tmgm^fmBiSm
C§« maM ## £i@m«
t ^ l  ^  le te tii^  M w t #  « a t
<3»  IM A^ t f 5^  al^«
f ^ ln  1 ^  |liQ«69ite9toiI s^samm i t  mm
m m U m  l» t i i» ^  m&
a t  im $ pe&Sm^ db^^s»& rn^^emoFe-m^^mMst 
m m  $ ^  m ) m a  ^  m  mmmaa tisp^mt m a  m t m u  
m ^ m it m s is m m ^  fgmwosptUmA t s  ^  w^mm vmi^  ^
|^ | ii ^  pS^ S^IiSiaS^tSSli- t*t1ffll*V"1f' t€
i t»  m s ^ ^ U ju g  »Qr@ew» ^  m im  eam tm ^
$m m m rn tm m m  t 0 ^
\
mm w tiM  mme^ i ^  ^ s m  m m  u lt^  aqao-pm^e^w*
rnm m m u i m  m m  n l%  Gif io i*
fUe ^ o e t  iKf m m m m ^ U m  m  Him m^^mmm m^B^$ m  
e£ pe^mti0m  tm ^fxs^m ^rn wm e3m  ^  &Hmt wsselmBg
B&M ar t#  <adi0*iEmm ^  sMI@ d m e M m U mt
@r .m m U m  o f po^lftsi^iai fw ro e im ^ ^  
wim i|)OC^ ^  Wm « 6 « s|r^  « s^ te  of a m i^ «
im »_m ^ m w rn fm m  U ^ i  ilm  € ^ m  Smm, 1fS^» im $  A«t» 
fiiM ti W M tf Jb  ^ m m r n  1^
^  w m eU m  -
C ^ i»  ^  m M  wSMise^  iM fts  ^sei^UrMr Hit
M w m  m a m s^lm
W  wm m  tgt t o
SWKSMO (F « (^ j« ^0>“ ’  + -> 0 W^5  + 1^0
^bm ei^  •  aesag fo r  S i^es^teiiw  ^  cT
^@cii^Q»iilaB £sffs^ae^m^« is to  ^
flit MM mt wmctSm m U s^t^ m& tmm& ^  ^  ^
CJ> »  tsi.^  $ m 10*^i5 ^  
frne!^m3^ sm »'- a l ^  <m ^  M tsm ^ m m m
4* a r  a  c«3W « ia ttt4€iii 1 s  Icf^M» M i t t e n  «C 
€i^oisits( dT 10* ^ ^  t ^  ^  msm ix^Hmmm
m  Hi9 H ^ t  ^  tl3i@ vtci@t
m ^ m  € ^!^lm a  ^  r<]«s^ to  im m  ^ei© ^^so^ptiqii 
3p@tts«i in  %c»lii <ia9i@# ^  ^  v^smUm <aT po^u»itw
m& in  ^  ioeii
S i^^aaa «ii tiMi 1% n e d ta i a t  p  €B 
<3nt a t  tM s p
o€ Sjam^  tma&  ^I2iat %tm_ 
sm ^m  is€ imm wm m  i t  aoigM bo ^f^scrteg"
1 ^  titsw ^iftt tl»  vm sl^m  t s  s M u ^  f ^
ma& m m& 1^ ^  ^@^»s^lmti€iii of
imm' Sa ^ t i l l ; ^  w ^ $  © et^  laittoi^ sie^
tm  ^  mw^!bmUmm Wtm& m  r« m ^U m th i^
mmrn-s3^ mm&m m m ^s6. ^  ^ it^ s s ^ ^ U ii dT
M  ^  m tm ^b im  iBm ^
mm^rn ^  l^ > #  fll@ <3T 3st ^  i^ & is t l 9 g ( ^ ^ )
m a of 5 *  i  s k ^
^  litr®  1^  m im i^ m U m  m W m m
m M m s ^ p  ^  W3^  f& m  U  h m  m ^rn w m  m i^m A m  
stt%m#9 m  mm ^  p m rn irn
i 9m e m ^  W  i m  ^  m m  w  w  im m m  
iSm a t« *  m&rn W f i  ^  r n tiw ^ m  « t^ ® a  ^
^  m ftrn rn t m m m m m  me& ag^m iie  
t^em  mdm  <§ sm0^ m
rn m i^  m m m U  S lp tag rt m m m er AI3L
eoeq^oQiids rnQtM-W
liiitfe  n iNaiMrtlfe fto tim  wm m t I^b a m ^  mmm 
a WKS * <3i z M mm  Gf ni i^ s^ gmwi^
^  ir0oeti€ ii ^  ^  tm tii
r a » ^ £ t t £ ^  CD ^  r ^ t i m  m m  pM m  tam m  $m
m m  mam^ C lil ^  sm d 
proanel U  tm a ^  :r@s»^3#3s tli9 Mfiife&im la
I r  tgr iOQSt (ff-l)
mo m  m m m  ^  a ism la tlm ^  iiir} ^  @atft3|ry« 
«etl<n i3f mmsmtU tmm wmt m U !^ tQ ttm ^Xmmt ymamt^  
thA t is»  iti# ai»Q i^pf»^tl^ of Ixi
<v3 t o  p r o te t  1^  tr n m m , ^ m m  Sg** t«
I®«i»l3y tlie fu tm sdlstgit ^sma?aiiig to t o
S^ O (IW^fj^G) ♦ Hg(CH)*
^ c s f '  * B* «  ■♦ a ta t.
aafi honea tlw este%rtle aetim  stmda 1m «laost nesUglt 
la  «lit taate mOiat, (vt) the a«n»et of i f  Kns Us aat» 
•trtalB Mtal. i0D8« S» doslbt aasgr m m lts at far twdil
•  17
m 18 urn
t t e i  Ite ae ia  &QHMUm or
l l^%GSr  ^ f^ tlsm ii^  0(p il£ M le  i s  pfss^Mm$
a* t. i« )r^ “ ~  ^  tH i« s r g > " ~ « a
a* ♦ a  PBCSTgJ"” " ^  t%  fw^g)
C i ^  ^  »Dei»ir p s ^ l m  1^  iiam^
la  1 m  isf Omm^$ismi^ $& Isi^S^
a@t^ tHe irw M on  wiiSmtW  ^tisxm
^ m m m  m  1m m tm 33^  mmm ^  tw» ^  H^t
or t o  a i989d ^ tl« 3ia q£  «»3 T^w ^m m U m
<ir idP@ I& ^p m ttiesi m& iMm m&t Ima. te
«|3tley@ III C3«5 •  4) f  tixs s a l t  « s i
^  ^G si^se  In  m t±m U xm  m m ^  <sT tiio c^
^  i s  S!*«^ is@& g€ wemmt^ s %mm
tlia t te e  fo r  p o r ^  aagcm^ t o  tfxm&s^mg
«^»»3iiy^oii» Ciid ie i^  Imirliii fi^r t o
sisr^bnmew t o  x«ei&Uim» t o  
immmmixm & s ^  ^  ^ t a l ^ c r  e^tS i»  ^srm paa&  m  t o
®E^ Pi21|]^ Q@Ew 13k SISniSyyB W& p(H^ M98Sw ^twl9 F u ^
<  iW”
A^ospiiag to CciQiirt^  rail#
I^ O f 1863) t o  ^eceipoi^t&iaii of
&mm1timt@d ^  t o  si^pmirie m3M$ t o t  M li
tm& w m M m m  tm m  f te
tm s tim . p ito^%  iM t o  n ^ i m
^  mmnM m  pHSiee@dyi tn  ^  f  ^
Fec^^ ‘ t- ^  ^  %  s r
E ^  ♦  p « ? r g ~ " ^  i^«<»5 ♦  m  {aB>a
^  I s la ^ to  ^  #tui£ba «^tel^@ lstai:0 |r
lw» Oi* i^^ .iawa«Kiiieil'i#aaaa iiaBmliiaar Cl^ l^ lEI A@008*SMF ^
$M £1^  laricir tci liaes
i ^ i l s  S t Hmm I3m  m m M m  mmm  t 9 li@ m i»
i9l ^  ts» r«vra^ixiM@» S i IW SN r f m ^
IgCG^g I r  fts^3t l »  o r
f lii m t^  0 m$tm!A ^ ^ m m m  dm  tm tlm
1^  «sa$g1^ 1^ ^ a tlr  is ii Ig G ^  ^ H i
c£ t e  f@m3«^i3^ biSNi
m M m  lit«eiiles?@ ^ ti id  l»  ^  $@ em^bis
pt§i® ta iia ii^ il^ r  f ^ 9a@X ^  tl3s& en
m ^  fm t& ^ m e m m ^ ^ m m  tm m  mmm»$. m mA
m t i m ^  o f 1^  tt£s
te ieS  «© m&
^  ^  ttift « r #  »eoiiBit mB»$ ms$m& m 't ^
im M  sft^Hi^ as t te  nT » t e t t  i^lte^ra*
a@taEfi,e ©^dbaSfiSEMS €wfs^ (^s^ i^ ee^ 3SB^ m «^«iiiMwtfewg* isoBiasni^ l^ i^ * 
e » t e ^  Hw l^@ r^iBd« o f lti& iprlsit
f i i f t  mS €B ^
Oi»#a>»«g%t^  ^  t l S  a tfem lt #SMKWffi»tipirife^^
W m m n m a  imm  i r  «tn9i« t
miA ma^ oC i^mm ma^ g3mm» sU tl nxA mm $m W0 §igmm  
iMuS^m^ MUme oT ^  ckiQvSI»ti«ii
Mm 1^ 5^  a t»  pifft f l 4>t Hw £|ih^ M iS i»
t ^ t  wttm of pmWmt l^m  tmmMmA
w m s^m ^A  ^  ^ U i wmif Q^Hr »it»X imm^
Himm m i n ^ ^  t a  Hft2ssie« ^  tM i
s l ^ « a  m .^ r n  m am s^  of z ^ to  l ^ o m l i i g
^  m t m  1^  o f t l im  M^poendst pOi
tmmg^ 1m mse'i^  ^ irtie s^  1am i»»t Im i foSJar ir(»lEed
A3m m iif mpi^ miea to  hsve 1mm dam m  f« r to
t!i» ^  t^m dm  o f the m ta l f
the promw i^Eatlag to  ^  m tore of His ow iJ^aitloe
jMWt W««iiit1itft f t*f»aiMei't«yfWTf <iy aiMiWff«« 4m t lie S d  i«i«iafttji*ati*
«r@ s t in  $M m s^ t»  ^  iBfffiM *^ fli» m^ l^c S»
4MMI n itii 8M  weernmm msA im lsaSm  ^0
( t )  eo v o a itifln  o r M lsu *  (ap^^M d n K « ti m a  fiweaMto
( » i ^ ,  Ms**** »•** * car » Ob*^ ) M rroqr
ttftla3r  « B ^ m o itrl« t and iq ^ o e la ^ ^ e M ili^
w tliM si
im  B«<^ »pos&t$o& of potftsstoi fim «9F «i^  W aal
C l^  wwS^ ^mm foot ^  mxMMimM ^  ww3m w^mMaO. I s  
f^8^  Q3t*^ msA «*«
Civ) p?09«9r t l0« of MdCitl SOTesiFwaiae aa t
QrCiii) f«m-* aaS fwifiQPsiiidM « i ^  m tm m m  to
m l» g ^  t««aifoxmti€a#
m m m  t
m m m m m  w  v n s
m m m e s m m s
mZi m
im m gnt th« »@tiiX e t^ tm m s  ^ e h
&ot imm iwmsHmted 90 th» e^mmim e&sp^ Bxea «£t&p 
a w a rtg m ^  f ie ld  &t sixiSs^ m taksm iip
?#e«Btl7 ia  mxp X&liormtori#® and inte^stjyog rem ilt m  
have h&m reported (V,»« Malik m& AWbaQket^
Z* Anoapg* Cli®af j  Iff9f 30t (5 -  6)# 34>| 3^5# Ommotis 
ehlcrlde tat«raeta witli potaasitta farroe^iu^dde to give 
:relliOiiiish green preeipitat© <3^  eolloiM . mtsreg the 
e l^ ^ e a i analrsls sboireS tlie of ^CrfaC^^i Or^ FeC^g
and fm  eosplexes olitalti&d tjy* idxisg  K^ F^eC^ ^
C^ rOl^  i»  aolar la tio  I tip  Ii2  a»a ti4  respeetivelr* 
fh@ eoi^lezes n^re f 01^  to  p ii^ s a  great ada<»^tive 
eap^eitjr t&p the c#i^ti^«Eit i^ss and mam 80 for fi»rroc^faaide 
A <|i»m titetiw  a t ^  fxssttmT shoved that the •noraal*
emmtm Or^Fe^^ ii^ iorh@d one s^le of FeCr^  tesA 0^  stole 
e£ Or** in  a^ieoos 0<r1M each in  preaeoffie of
ale€Aiol« fhe o ^ ^ ex f tm l^  o ^ r  la e ^  f«?roc|ranid«t 
irerr l i t t le  l^ ifo l^ tio  t^ e s ie ^  CoiifirBati^ of 
am ljrtieal studies nas foiatS m, the hasis o f potentiGffi@trie» 
o^netC3B@trio and i»^^ei?ois©Me titm tiis is  ^ rrled  mt vtth 
vsrfisg coneentraticm the reagents in  a^ieoixs and 
a<l«eoii9^eoholi0 i^dim « Uhile eiridenee for the foxm tim  
of ^ th  cap^ pecr^  tms ohtainsd froo the f ir s t
two set^iod3f ma^ mpomtrie titraticass ^ ve evid en t onl^ 
fme I4ie f  onsation of K^QtiFt^ w^ ^  titr e  m^Sms Kp0mshe&
* 22 «
tM  theoretl<mI m&s y/bm mr® done is  pmsmts^
^  ale€^oX«
fh© li@lsa9ioiir of ehronlc ions tOtfarSs aB a li 
t&rwoQfsml&e is  jto as f&r as l ^ t  m  alxlag
rm etm ts a t ifO(» t^ ^ ra to re  so Apptopmt sign of 
ooi^€z fc^witiim is  aa^M ted# S a it^ r  a p?eeipitat@ 
(^^otntiiig t^ sfusards tfoa fc»m tim  iiiBolsxhl® coisplex) x»(r 
an Iteedlaf^ ebsxige in eoloiir (sho^i^ the oxisteziQa cf a 
ooi^Iase) is  ol^ @rv©d« Zt is  p^obabi^ for this 
roasoxi ^ t  the GtxEmim o@^Xexes of fa s r^  ioid fa^prio^a&ide 
w«p© not reported so far# 0«r staples <ki cta?o®ous 
foyrocyaBld© imost |s?o|jsb1y tak®a «p fop f i r s t  tiiae) 
aai the ©leisjraging results a c h ie ^ ,ti^ p ire a  mb to take 
up m w m  o ritio a l irieir point of th@ probleia and aa eSaboFat# 
selieee of vork m s p ian i^  mtm
Praliaiz^ry ^ c p ^ ii^ ts  shm ^  tiiat elir<»3ic eWLorida 
ao©8 react witto potassiaa farro* as wall as ferricsraaitie t» 
giira oc^lexes« At tl^  ordiuary t®s^erat«r© th& rm etim  is  
in itia lly  slovy but with lapse of t i i^  a rad colour is  
davaiqped fron ^bicii i t  eonld be ooiielnded t ^ t  a solnbla 
c € ^ l^  is  f02^ @d» fitis r^cti«m  ¥as found to  be dapaodant 
t^ pon t^)aimt3ir@9 attaining aquili^itM  (inield^ vbm. baatad 
on a m ta r bath for a fm  minates» Ft2r 1^ r »  i t  ^ s  obsar^ed 
that wh^ i^xtnre of the reactants (CrOL^  and KjPeCy )^ 
are toatad a t a tai^aratnra of near abcmt insoll^ble
c® s^l^ iwemn In eolcmr) i s  obtainad* With hichar 
OTKsentratiems tSm c«apoan3 also ^ ^ a d  taie t®ad«»sr to 
naSergo g©3^ ti<m t
^ 23 •
elmasie chloride potasstisa ferrlcyanlde jpmctHm 
ao ehaage i s  m lm r m s obsenrdd a t tlie oarSimfr
t^ipemtar®^ the eoloor rnrrim  tr(m feUjemiah ^tem  to 
'ispmid.Bh tap 6$Stmmt mixtmm m m  aftdi* ls»#plag fosr 
tem  homsrn B m  too$ m  SmboSm^ q eo^lex  %ms
a t t@iq;>sratixr«| gel foanrntlon
olm  taking placa as in  th@ ease of chroeiic f^ro^^rsniSet 
t l m ^  a t a l i t t l e  hi#@r
alio^ simti<»3^ l»dhavloar (based mi ptelissSms^ 
8tt3^ias) lielp me to  izsrestii^ate foUotfiisg aspects of 
tb® probleot
( i)  S p ic t7 0 |^ t< ^ tric  s id le s  m  siAtil)le o a ^e z  
of e^sroi^o f^fpo^ani^a and obromie efaloride potassioa 
tmcTleymtde Feaetion#
( i i )  C ^lism etrie esU aation of C r(iii) 1»s«d m  tim 
oM o^iaic <^c^ide po^ssitss f  exroesraniae raaetiOEi*
C iii) S^te of a e< » ^ ^ 8 iti^  of potassim  tmsvofgjrm^^  ^W 
sm U  smomta of etiroiiic icms#
(iv) Con5>osition of the ^M ble chroBie fwo<^raisi^ 
ea^^lesc ty  @l«sfeNis®tric laemoas (e<Hia«cteBietap3rt poteatio- 
ae^fyt pH oetry , polarossaphy a»i as^^ooetf^)«
<ir) Cii^positicm of iA3& insoluldto chrtmic ferro* sm  ^




aa iB te a tw ftiim ,b1 , j a t e a w  chKBie e ia » id «  < a^ .}  m *
in  a^abld distili© d w te r  C«H glass a^87mt«s) 
a t I ts  st^esigtli lias detesrsdoed iodo@@tri«al37 (3eo tt| 
s ^ is te a  m^ b^xs&s o f saalysist i$3k§ pm 2S8) li^
n^iim  pdfmide« Fotassti» t&srocfmSLde (&^«) aoi^  
l^stasslam ferrl<^aislae ( r e e iT s ta ll i^ )  ver© also dii^oiir@d 
in  doaKL© aistilX e^ $mA the streagtl^ the sdlatUms
a«tero lm a w ltM trio aX l?  (^ a a u @ ll a i^  EalXt m sS ^tX e^  
shmHstST§ t9>0y 53^) • siaee diXiate aolMtSm. of potmssim 
f«SToe7ai!l.de ttad^go^s aeoomposltioa <m lc@eptng» more so 
in  ot simliglit as wlX as til^T ioX et X i^ t
ik&p&tgBT mad tsamtke^^ Xoe* clt«) a ^neeitts%t«t
m isi^m  of potassim  ferrm ^alde  C0«7W m s prepaid 
azjs3 stored i a  dark eoXoureS ^ ttX es«  fho sc^Qtion m s 
a i lu t^  to  tijs daatraS st3p©ag^ p®pfoyslng tli®
msp&r$mntm p ^ s s iu s  f  errie^raaiae soX nti^ ot
ssnrXF vm  prei^tred i t  m a also stora^ 
ifi dark eolemraS ^ttX e*
The raaetioa m s stodiea t» a ^  liia foXXovIng 
e<83Sitionat
m 25 •
< s^smS,Q cbXorifle m d  pot& ssim  Sms&^ m& f^ r t^ a s iid d  
m M tiixm  c£ Q&oxsmtFmtimm x^sigiz^ betn^Et 0«IM ^  Qm?$S
uses'® i s  dlff^®p^t ratim ^ 7i2«t cap^/^^ecsf^
OP ^  1f9i  2tS* •  ^ -  8t t  in  tii© m m
potassliM  f^Tocysauld® ^ m d .e  elalorld© rm e tlm i a« v tlq ^  
am t of red eolmtr m a th@ of tlid eolocir
disSM sbii^ ^ t h  th@ Sacreas© In th® m tio  
For lutMiai® red eol^ omr eoiiia s e ^  fop asatioi
l i f t  2 t 8f 3i 7 tHsiXe ‘t o  eot<mr tim  ehroisie i<s:@ 
i t  for soluticais eoatsiliiisg «i© reftetaats in  ^  ra tio  8t2 
^  f i t « r a t i o n  mm a l ^  fOE®tl to fiepeoa on 
tsmtion of eisrosnie Immg the eoloar appearing ijastantanecmgly 
fep h ig l^  QonomtmtSxxm Cabo?e Fop soXvitlam of
<soiie^tx«tia3»f ttois peplod paiig^ frm  six ba&s 
t& t4  hov^s CO^ IM)« In  a l l  tlie easesf further 
dm^msSm <3^  coI^ okxp m s Qtm@evod m  fm ^isg  for tl»»
t o  cbpc^e ehlcaride ♦ f  ^ iC 3?aal^  
r^ e tio n t p e a c ^ ts  of em<:mtm.ticm wmgim b e ty ^ i 0 * ^  
aM 0*ti! in  the sots lacaap Patios as tabm  for
potassim  f^ppoesrm^ae# m  ^ s a  a aai^©d chaasge to 
eoioQT «as obsapwed, the eolOT vapyicg yallonl^fe 
^mm  to ta?cwBdLsSs pfaaa ana f im ll^  to gpe^ fop Cp /  
F9C^g'~ patios l i f t  5t5 anfl f t l  pespecti'^Sy* 5&e 
eoBWSGfitPatioa of tli® peaotm ts i©a tioe aia aot saea 
to  inflmias© t o  paactiaa i s  mm*
•  26 *
Beeteaa sp^ti?o|^io%c»s^t^ mm u$eS for Urn 
wrnrniPm t^Bm $lie <^ ii3L msed vas I m* eo2^ c e ll az^ ^  
ligfcit soisree vas s  ^sigstm
Meia@Br09^ » ts  a t  d iff@ x^t m m  tjmgtim  %rer@ ^ n ^ e d  
m t W  Sseeplag tii© in  ttie ♦!♦ positicm Is  the
im tm m m t ms&pt for 0 ^ #  mmmGmmts a t 400 m  
almopptiaa ma <iuit© larg®« Here •Selectcwr SMiteli* 
m s k@ptat t«1*positlciti I m £t vm  aMed to  a l l  abs^banee
mlnearn 4ltt»mgh tlie BtJ ^eetx^pliK^to^tsr g iv ^  reliab le 
resa lts  ap€o 1000 m:§ the *phot<smlUpli@r* atta<^^Bt 
provided add^ s& mttvtty to  i^ Q iLmtemmt ^id f ^  
ii@as^«3@it3 fmm fdBO stid@ besroud 1000 mum
For dat^t'sliii&g eo ^ le s  iem faxoatlai} ^f^iod
of etmtiaiKjas im rls tl^  m s ©raployed* Tht foUowliig idxtnres 
wm^
Ci) 2 eug 4 ec, 6 gc -  •  * •  -  -  •  16 ecf 18 ee 10*^ M 
CrCl^ sribisd wil^ 18 ce, 16 m$ i 4 e e « * - - » * » 4  ee, 2 ec 
r©sp®otiv©ly»
( l i )  CrCl^ a»d Kj^ FeC!y^  {®tr®ag^ 10*^ M) otstores i#ere Bsda 
ixp as i» Ct) and dlliated ten times a fte r keeplzig th# ^bctisres
for 24
< iti)  CiCl^ 1^  isUmgrn 10*^ M) alxtispes prepared
as ith$
AfetorptioB »aseraw ists were sot restric ted  to <Ksly 
wave Icag t^  giving aaxlMiia abw pticai bat vere carried oet
•  27 •
a t  d iffe rm t %fave l^agths as suggestsd W 7ost«irg aad 
3«B» Ooo]^ CJoQsr* taer* Chrntm 3oc»|r 194tt ,£1# 437) for 
iaetitifi<^ti<m  n r imm  s ^ e ^ o i ^ t m t r i e
m©«iiOd<i fli© of th« optiesal dm sM m  ^  ttod
ai3rt»ires aa^ ttm t ef tb© sisa of tib© optloal «easitl«s of t o  
eoffi^tits^ts «er« plotted agalsgt of Is  tii#
eas© ^  (H i)  the a l ^ ^ t i m  vali»s of a ir to e s  were 
iB«aria^l9r w a lle r tisazi those for oo z^ tltu^ ts a»d» 
titie^for@t vesee eomider©^ %Atereas for (i> and
Cil) mxSjm w&rm emmMmpoA to  6rm  iaferaae© for ct^leat 
io a  fo im tlo a*
Ttm were laade afta r koepiag ttm idzttires
fo r 24 hoars Sn msh mse a t  th© follcj^ng vav© 
msEtwra Ci) 400, 4^»  W , 550* 600* ®00* 1000* 1200 and 
1400 m% tm  500* 550* ^ *  S^* 1000* 1200 1400 m$
C ill) W *  5^*  tOOO* 1200 and 1400 lai*
tB m lts are talmXated in  folloidag talilas* 
Mixtures Ro# 1 | 2 | I f  4§ 5| 6 | 7 | 8 | 9 rejaras^nt th©
< »a8^iti^ ts i s  1 ^  ra tio  Cr • ogp FaQr  ^ as
1 tf | 2 t8 | 3 t^  4i6 | 5 i5 | 6 i4 | 7 t5 | 8t2 &A f it*  C olw s 
tia r^  fm e  Sa the ^ b la  giw  oJ>* ft>r CrCl^ «sd K^ F^aCy^  
so^tiim s ^SBc^tmtioiis c iarres^aiag  to  those in  tkm 
si3tt^s«s* vis«i 2 oc ^ 3 ^  ♦ 18 cc ittta r -  •  ^ •  18 ee (£rCI>|
2 ee %at®r § 18 cc or + 2 co imtar » •
2 CO or *t 18 ce watar .

>« 28 ••
m e n . i^HsmES (g m xm c s cp aKsi, 
m J ^ ^ 6  sogm caB
wam: miiBTB MO M



















0,1 r  
0*ti
MAH m  cmi 450.

















•  29 •
M












i^ laetiare 0«D* Wixtme ^30«D# Or 0«B« 0 iff • 0«D«
1













-  > 0 -






0 4 I  
0,1 








































































 ^ 33 ^
QWTXQML im m n m  m  m xrm ^ m  cggSL im
XEi»5? m  24 ataiisBEsms
M m
























0 ^  





- 3 4 -





































0 ^ 1  
o#2i
<Mi 
04^ 0 # ^



















































* 3 7 -
m  mmmEB osci^ md
m m m  tt< r ^  m s L m j^ m m














m i i . i i i 8a „ m , i i s











(y m  















t i jm  
0<^l








HjlL JiMHiii i^Si iiSft















stm¥t M lS L m





-# ^ } 3  
•  $»d f 
-  W I
•  0»t1©
«»•¥* ..MgSL,i8.

























-  4t -
ftm FQfSolts ol»taiiiea proH&e m m ^ e'fiMmee rewsr6in$
Qo&pt&x tm  foiBatlcm bet^re^ ehroalc chloride and potassluB 
f@rrot^ fa&ld@« Free ^le curves given Sn Figs# lAt tB m& tC 
i t  my he sem  th a t i&tei^cticai
ehloria© aiA iiotassitia ferrocjraal ie, tjoth of ccascoatratioa 
a proisis®it p ^ k  &ppe&tB (for aH  iM i^hs «3ce@pt
1400 m ) far th© aolar ra tio  l i t  iQp /F«Qr^ ) lAleh 
points defin itely  to the formtiosa of a eoEspl^ of the 
fonmla Besidest the m xlm  (t^cmgh noto
prcsiim t) appear fc^ the so lar ra tii^  1i4 ana 4it a t nave 
lerigths 400y 550 im aiiS a t mve lengths 400  ^ 800  ^ 1000*
1200 and I4i00 m  respectively* Fro® the curves i t  saay also 
h& a e ^  * ^ t  t^e peaks bee<^ less prominent in  the h i ^ r  
vave l@og^ regicsi and the effect is  marked a t m m  leng^  
1400 m  th a t t&e solar ra tio  of ^ e  reactants for the ssaU 
p ^  realised is  3 CJr**^  to  2 FeCyg*~^
k su rv ^  oi the tables for ndxtares ( i)  woald re v ^ l 
t!mt the variatiass in  the O.D  ^ of ch ri^ c  chloride f&t 
l^tassitm  ferroeylmide solutions*^ StK!h a behavioor is  
hotmd 1^ influence net m lm s of 0,3« i f  the 0«^# of the 
aixtaire is  not very large in  cc®^arisoaa to the 0*D* of 
potassitM ferrocyanide#^ Since the ahsorpti<m values of 
tl^  sdxtore in  th is  case are quite large* the ^ e c t  is  
not Q^ked in  most eases)and the appetence of peaks for 
tim ra tio s of 4i1 or Is4 in  certain  cases my be probab3y
-  4a •
aw to  1^ © ifregular vaplations in th© 0*D* of the 
potasslna f«*To^ SF®fii<3® soantions#
With latartaares obtaiuea m  aixiag the TmstmtQ 
of eosc^atratlcKi i ^ t  for 24 h!xsP3 m& ttien
dilttted t«a times oiily one peak is  realised (Pigs# 2a and 
2B) though fo r s  d l f f ^ n t  so lar ra tio  (Cr*'*^i FeCyg*"*  ^
as 3i2) t^ian in  th@ previous ^se»  fhe dlsappearai^e of 
m xim  a t ra tio s other the£Q for the prtmiseat p^iks in 
th is  mse is  da© to  «5© fact ttoat the 0«D» the miattsras
( i i )  are ^ c h  hi^csr than for idxtsres (i)«  Thesa 
large mlvmB (^ d e  ^ h le s  fo r 0«D* mUxn&s in  the s e e ^  
set of mSxtis^s) cas^letely aask t^ie effect of irregolar 
variations in  tba case of potaasitaa ferroeyanide and m  
other p<^k hut far th© ^leac ra tio  3i2 is  obtain^*
Fro® tl^  fact that two d if f e r^ t  molar ra tio s are 
obtained for the ehrosic chloride potassiim ferroc^asiide 
reaction, i t  laay he cimclnded that lAie reactions carried 
oat with d iltite solutions of the r^ e ta n ts  
wiffe c<mcentrated solntitsns pursae d iffer«st
CG«a*ses* In tti© la tte r  case the reacti^xi is  likely  ^  t i ^  
place as ttnderi ■
CrCl^ ♦ t  3 m
and = (K^FeC^^^O) ♦ Cr(^)e2^ ♦ K61
foHswed w  t  CafClj 9 Cr™<?©^^C^5,% 0) ★ 3 ICl
-  43
i^ b a s l^  not onlsr f it s  la  with the molsr
ra tio  3Cr*^ to  2 F^ Cjr^  Imt also tjriugsoiit ts?© mm 
fac tsi ( i)  ®alst^Kse a e»pX ^ q^ I  *^0)
Insides tl® mmml W r F© Cjr ,^ Cii) ^
deec^?osltia® to  in  j^esaac#
clafotsic lorn# Fro® the abov© I t  is  also clear ^ t  Has 
deeoi^positioB taSmn plaea on3^ r a t higher cmiismt^tSm. of 
th© f§rrocyaaide«s
That cbroKie icms can bring aboot ttoe hy^roS^^s 
0^  !iie f©rro<^^d© itais according to  the egmtioni
FeCy^  ^ “  (FeCy^^O) + CB aal
<¥ S^ O = HOT ♦ does so t seem 
i^?robab3« in  vieif of the fwst tteit Asperger and also 
la^hSiTill®? ( l0c# eit«0 efymspimd a woft& or less sii^ L3Lar 
beha\rio«r with aerciS'ie ioissr I t  is  ali«> qaif^ possible 
that Cr<C )^ la^  aet as a catalyst in  the reactimi as vas 
oteerved with ^ rm iric  ions irtsere i t  was proposed t ^ t  
HgC®)  ^ icsis ^ta3^rse tii© dee^^aposililon of pofeassitia 
ferrocyiBiid® to  aqim p ^ ta  eyano f^?rat@ (II>*
S p^tropho to^tric  staid ies for the interacticm 
betifeen chroeic <^<H*icle ais3 potassit® ferrii^anide carried 
cmt a t wave lengths 500  ^ 55©#* 600 s k i  provide ^ s t^ w e  of 
the coB^lex Or” ^ Fe^^^Qy^* Since the absorptiosi of 
potassit® f^?ricyanide is  h i i ^ r  than that ^  the mixime 
in  mah casef the absorpticm ainiaa (vide Fig* >A)
- 4 4 -
c<mslde3?©d to ^  mSMtmee of i« ^ le x  Imm and a l l  
tfe®9® fc r tti© i^itio t i t  fm  •
laeiisixr^iimts ^ r r ie d  out a t  h i^ e r
i ^ g ^  in s *, doof 1000,  taoo ai^ i 4oo m  <Ftg« m  m  not
prwrlAe infO T atim  fcsp ccsgsl^ foraatioR slac© psrotici^ed 
sSjalim are not obtaStt©d tm  tb©s« tmve Xengtlss iese&pt feet 
nWmx)m
Tto Irb ies for ehrc^e chli^ide •  feyyic^snid© 
rm etltm  sIkm la  tli© loror Irngtb resioR 
atisorpticai of the aistus?© is  negligibly s s s ll in  ccqparlscsa 
to  tto t of the potassiua f®iric^«nid®* Also t^er© ®slst 
m  iiTogularil^ is  “tti© O#0* values of potassina feirit^ranide 
tm  grmt&t timn obscarved for potassima fejspocj^aniae 
solatioEBS of t o  s€B3© c<K3ceatraticant* To fiad %rhetbi^  th« 
ain im  obtaia&a for th& chromic ehloricle •  ferricyanid© 
reaoticm ar# dae to  mg:h sariaticm s, cmrws ^ r e  drEEHzi 
for K|FeCy  ^ soluticm a t 500» 550 aa3 600 an C^g* 4)#
ciOTea ^K»r peaks a t diff®pest plaoes bat not for tka 
i^ tio  l i t » From tb is fac t i t  my be ii^erred em^tex 
tm  forsatian tai®s place wit& the probable fca®ati(m of the
eoiS^ N}iind
As airw ay stated iimrm is  no jaarfced chaag© is  colour 
faap the <dsr®aic chl<M?id0 potassiua ferricsf^tnid© reactioQ« 
the colour weying fro® yallo»lsh gr@@a to tro s n i^  gitem 
f lm lly  to  ^pe«a f ^  Cr"*^A‘®Oy^~' rati<36lt9# 5t5 sxsd 
9 ll rospaetiir^lyf 13ie <toJg® in  cxiloia* Mght be due to  the 
deeomiwsitioa of po^atvm  ferrieysaiido cl^raie im i
» 45 ^
Th@ pff^ s&m® of th is a<pQ ^ ^ l e s  ^ t t  h^@ v^t 
f u r ^ r  e@cp®riii^tal ptoot^
Q.SLkM,M  I- .M.,A„„.X„X.£.I SLL
L U X A -^ i-X JL I 0 ,IUI.J„£„X„4 J .X g J I .
In the pages i t  Ms horn sham
t te t  ehim ie imm react potassim  feuyocysnld© to 
s lm  a red in  ooloap, the iu t^ is it^  of the
eoloar b®ii^ dep^iSest the coiKS^traticsi tim 
reactto ts m3 well as m  th^ period of intaractioQ# I t  
was* therefore# thsm^it to  see iiH^ther tl^
chroEslc chloride potassi«a ferroc^^lu© rmctioK <K>tild be 
tastefully esployea for the ©olorinetrlc ©stiimticai of 
G ^m lc Icms* A^sorptlo® studies otrer a fa irly  ’wid© 
c<m e^tration range C r(iii) vere» therefore tmdertakes*
I .X,f.„I,.a.X,i.J-J,..£A„,3k
mmsmmBt
Cterosie cblcrlde <A#Ett> aaS ijotassioa ferrocyanid* 
(reorystallised) were dissolved in  d is tilled  mt@r < i^  
glass appas«tu8) afid t^ e ir str^gtAis det^raimd imlumtri* 
eally  lay tJie aethods deacritjed earlie r (C r^^ iodtsneM eal^
and Fe(^^ tjy titra tin g  agatost liftsO^>« Ceoie^trated 
soliations Here p ri^ iar^t l^e potassius ferrocyaaide 
solution v&s stored in  dark coloured bottles to  avo:!  ^ i ts  
d#eospositl<m by sunlight#
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m m n m .m k w m m § .*
Iioab aad ^^h*Sp©ct«sslc 20* m s mployod for ^ s t  
of tl^  abso®ptl«»i stabiles in  sorae e a s^  fo?
d ila te  soltttlcms a Bechaaa IKT spectrophot^^ter (cca?«x eeSl 
ttms3t©a lassp m  the ils h t soure®) vltti 
attacteent m s used# With a vim  to a se^ ta in  the ntlXlty 
of a f i l te r  p!^toi^tar scaa© es^^erismts al®3 ^rtorm ^ 
\d .^  tl^  I^ge*3 €^ l<M?liaeteap«
Eaitp^rlaeista ths aJ^ etitt©® of chpc^tlc cfcl<^d« 
(coiwsmtmtioii ra u ^  8*33 x tO*Sl to  16«66 x l<T^ M) ana 
K^ F®<^ g (O I^M) earrlM  o*it md@r the toXlmism 
eoijditiomt
Cl) alxttires kept in  dark bottles for t^ feaefcy fo ^  hioors* 
Cii) aixtwrea h e a t^  directly  <m m fl^m  for abc«t tdbrw 
@iiiEit<>3 i!Si^iat@3j aftcsr a is ii^  ttie reaetaiits*
(H i) freshly Kiixed rm ctm ts hsatea m. a mt®? hath 
fm? about t ^  sim tes#
Ci7) laim tres kmpt in  a th@rsiostatic o il bal&t siaiixtaia»4 
a t 55 t  about fifteen  siim tes aai
(▼) Eiixt^aras as m»3er ( i)  hot ailuted %m tiaes a fte r 
ke#ping fop 24 hcssirs^
A f©  ^ ®3cp0rismts were also irtf^i sizttares
kopt ia  d irect s im li^ t (for abost s is  hoars) md m&m 
ths Q ltrairiolet lamp CHazK»rlat inglaad) for tcmf hocrs*
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I*
perfoK^U^ at®03?ptioa mpevimats with the 
nixtiir© Gi potassiiia f@rroe:?anicle and chroiaic chl®pia«* the 
«sir© a t ^ e h  tt® al^rp tle®  of Ifce r@aots»ti
lafe® plae® m s det^rmlnei!* tte  potassltan feirocj^anld#
(cosKJ^Iamtioaa w m ^ 0#1H to ©»05Jf) th© aaslsOTi albsoi^ioo 
Has ol^ervea a t 425 ®it t a t t o t ’ s t o  m s api^<^riteat«1^
0*111 O ^ m  O^ o^mm 0 .07CM 0«06GM C M ^  
425 m  0 ^ ^  0«158 0,*126 0«110 0«l088 0 ^
For t o  ctoJKic chlorlSe ooltitlos^ (irlolet e<»»QBtPtt» 
tim  Tm§6 O^ IH to -^e M ,^ s t m lm  vag a t 425
i t  then ectstimK30sI  ^ aeOT@as©«5 r^ch isg  a oinlsK© a t 500 s»« 
An taerease % s^ than observed boty©®a 525 m  asad 575 m# 
Ft®3 6D0 ^  omssc^s a aecmiso in ahscrptioa i?alii©s was 
apiin ol5s^?tma .
* 49 -
aiisJ20E S %  gQlttlAaBL aiffQgatfe ccsBggntg&tloas
III,
~ — ^*131..w m m'
425 0^55
i s  S^IL S ^
M  ©ib
S25 0«t45 M 28





O i ^  
0*©^ 
0,120 
o * m  

















PpelialiiBiT cK^pcaris^ats \fcrre then performed vlth  
mSrtoes of ctocxalc chloride i^stassiiaa feircK^^mid©
(0*3 cc, 0*4 ee, 1*8 cc * 2*0 cs t0*^K CrCI^
a<M©d to to  cc 10*^ H K^F©C7^» to ta l volisao 12 cc, kept for 
t^imty fottP hsurs 1st dark colo«*etl bottles) for tbe w m  
Icaagth vmim 425 m  to ^ 5  m* ^  laaslucEi abaorptlm was 
again a t A25 oa !mt the ^ luos were hi^h eissagh at th is 
len.frth arsfi al^orptioa coold not be aeasttred with 
alxt^ires cont^s^ii!:^ masee than 0*8 ec 1CT% Cs<!3^  In tibe 
roactlcm sl^ture* Pcrther th© abs€g*pti<ai valtiss vere such 
higher them s itte r  of thi^  reacteats so much so t ^ t  
the absorptlcm of chromic ehlorlS© an^ potasslt® ferrocyaMd# 
cosjld saf©2y se.slectod in  can53arls<m to ^ t  ^  the 
Sisdsires (®*s* 0*D* for 0*CS3 M a®i 0^3g^ QsCl^
a t 425 sa 0*138 assi 0*235 respectively i^il© for 
aiste©  containing 1*66 x IO*'%l CrCl^, the m3m im& 1*9>*

The follflsrlag eesperiiacfits were performed using 
I^ ls  and Bosch *3poctronlc 20»*
t*  !!ljrttir0s w&re prej^ed in tcsn dark coloured bottles 
ad t^itog 0#2j O^Uir 0»6* 0«Sf, t  ^ 1«4f t*6|f l#S oe
efici 2 cc of tO*^ M Crd^ to 10 ec of t<T*H E I^^Cy  ^ isod 
to ta l vol^iae ^ d e  tjpto 12 ec d istilled  water. The 
!3l?et»ir©3 W5P© desi m te ' 1> 2 , 3* 4» 5$ 7# 8» 9 a»3 10
respcjctivelj# These xmre feept ovemit^t aM 0*D« cletominod 
a t m m  lengtha 425, 450, 475* ^ 5 , 550, 575, 600, 625 sm. 
On plotting! concentration a c||l-nct optical denisity straight 
llm s yer© obtain®3 for lescths 50C, 525# 550, 575>
600 ms0 625 m#
Tablo 1. ■ '
0<,D^  of ai?:ture3 of CrCl  ^ and K^ FeCy^  in clark
"nd kept for 24 hwgs.
1 2 3 4 5 6 7 8 9
425 m U90 1#B5 1,95 1*99 1,99 «w —450 an 1*^ 1*90 1 .^ 1*99 1,88 i ,io 1,90 «■
475 m  
500 lai
0.84 U55 1,85 1,92 1,93 1,55 %^n 1,90 1,98
0.31 0,570,28
0,^2 0,99 1.35 1,50 1,60 1,70 1,78
525 HU 0^1 0,475 0,55 0,67 0,7B 0,S3 0,93 1,0
550 nu 0.15 0,225 0,385 0,465 0*59
0.485
OM 0,?25 0,80 0,9
575 £3u 0,14 0,20 0,20 0,40 0.60 0,62 0,71 0,78
600 m 0,115 0,16 0,24 0,32 0,34 0,475 0,49 0,560,41
0,62
625 QQ 0,CB 0,11 0 ,17?^ Ogga 0,242 0,355 0.37 0.45
< F I s .  5 )
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2, BttxtuTGs as (1) boated directly cm the flaae
far a few minutes gave satlsfactocpy results in  thQ lo^ @r 
comoontratlon range only. Turbidity appdarod after iSKsae 
time in solutions of hlsher concentration* Measoreaamts 
could not be sad© at 'feraivelengths 425# 4 ^  and 475 na*
Table II*
Y*\p. 1 2 3 4 5 6 7 8 9500 0^6 0*59 0.94 0.75 1.25 1*8 1*85 1.6 0*96
525 0.188 0.33 0.56 0*41 0.73 1*3 1.40 0.90 1*65550 0.135 0.29 0.485 0.365 0.63 1*12 1.20 0.75 1.52
575 0.12 0*24 0.42 0*31 0.59 0*98 1*10 0*68 1*40
3# ?®bttar©s as unrler (2> heated on a irater bath for ten 
aiimtes* Since the nixtm es shov/ed the tendency to become 
turbid on warming, they were diluted ten tii^ s . I^ xi!3ui2 
absorption was observed a t 450 mx but a linear relati<aiship 
bet^fecn concentration a»i optical density could dbly be 
seen a t 475 nu* In the vave length region 500 mi to 600 
the absorption Mas almost the saiase f&r the different 
airtures#
Tablo I I I ,
fis.. J,£ j#m te,.^iiA ia.fe.;g. ,Mlk..^^#....4iM.^„„.‘^ g.. lte?5 ■
t a 3 4 5 6 8 9 10450 su 0*26 0.42 0.75 0.8 1.3 1.5 1.65 t.7 1 1.95
475 nu 0,17 0.24 0.37 0*36 0.45 0.6 0.67 0.7 0.74 0.94500 mi 0,ia O.tt 0.215 0.20 0.185 0.31 0.315 0.32 5 0.265 0.42
^ 5  rm O.tl 0.118 o .ia 0.17 0.19 0.25 0.25 0.25 0.25 0.32550 ER2 0,10 0,118 0.19 0.17 0.18 0.26 0.25 0.26 0^5 0.32
575 m. 0.13 0.118 0.165 0.175 0.18 0.25 0.26 0.265 0.25 0.32
600 HU 0 ,0 9 0*118 0.175 0.17 0.19 0.265 0.27 0.275 0.26 0.32
625 am 0.078 0.118 0.208 0.17 0.18 0.28 0 .2 7 0.28 0.265 0.34
(FIg.  6)
4# Mixtures as tasJer (t> heated on an o il bath 
(Balntatned a t 55 t  0*t®c) for tm  aim tes* Measureti^nt 
were not poasible a t \iave leagths 425» 450 and 475 MSt. 
Sine© most of the roadings vent off tte  scale• The linear 
relatlcmship is  approariaately folloi/ed for lot/ep concentra­
tions of chpflBie ions in the high^ wav© length region, 
via#, 525 mjL to 625
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Table IT.
&i£U.tm M L
m m ,9U .M tth  L5jt3.Plfo£,.j^.agmt,ga»
n)p 1 2 3 4 5 6 L 3 9 10500 0.295 0.65 1.2 1.60 1.8 1.55 1.92 t . |3 1.95 1.95
535 0 . t 6 0.375 0.645 0.S9 t.3 1^5 1.60 1 . 6« 1.65550 0.135 0*31 0.58 0 .7 6 0.99 1 .0 0 1.45 2.45 1 . ^ 1.58
1.45575 0 .12 0 .2 6 0.50 0.67 0.89 0 .9 0 1 .3 0 1 .2 5 1.35600 0 .095 0.215 0.3B5 0 .5 7  
0*365 0 .4 7
0 .7 6 0 .^ 0.97 0.95 1.050^4
1.18
625 0.079 0.17 0.63 0.63 0.79 0.1^5 0.89
( Fig. 7)
f# HJteturos as u n to  (1) kept for 24 hoars and tb ^  
diltrted ten times. The absorption valijes decrease ccmsider- 
ably so nach so that i t  was not posjsible to get BKUPiced 
variations for vave lengths frcna 550 0U ont/ards. Curves 
for \mv@ lengths 1^5» 450, 475# 500 and 525 m  were drawn. 
Linear relationship betifoen co^icentration and 0,D* could 



















• 5 4 ^
Table 7m
1 2
425 0.69 i . p
450 0.285 0 .4 75
45^ ma 0.08 0.15
560 mx 0.035 0.055
525 mu 0.018 0.025
550 lORl o.cao 0.022
BU 0.020 0.020
mx 0.0 2 0.022
coXom-ed bottlofl. k©pt for 24 hours aad a ilu t^
ten timea.
3 4 5 6 7 8 9
1*65 1 ^  1.85 1*9 U9 t.9  t*9
0.7* 1.05 1*25 1*55 1.55 1 .6  1.65
0^45 0.545 0.41 0.57 0,57 0,59 1.61
0.(^5 0.170 0.15 0.172  0.172  0.188 0.22
0.075 0.110 0.075 O.C85 0.085 0.10 0.1 C2
0.03B 0 .060  0 .0 6  0.065 0.065 O.O7 0.09
0.038 0.052  0.052  0.058 0 . ^  0 .68  0.083
0.028 0.045 0 .0 5  0.049 0.049 O.O7 O.O7
(Fig. 8)
6# 0.4^ 1.6f 1 .Sf 2.0 cc 10
*•1ehroaio chloride was added to 10 cc ckT 10 M The
siSztiffes in dark colour©d bottles were kept ovemisbt. 
AlsMrption values for longer wave leagtlis were jaaall 
enough to give any idea of variations in the O.D. of the 
different olxturea. Linear i^laticaiship was oteerwd only 



































































































7* ^tixtsipes ^  mder (6) kept fop ten oiimt^s in an 
ToQth Icsaedlatclsr of te r  (batix tec^. 55 t
TIs© 'mxt&ttom in  O.D. were less imx’ked a t hi^rl^r waire 
(500, ^5» 550, 575 , 600, ^ 5  m  ) .  Linear 
relationship vas approsim tely foHo/ed a t 4K) and 475 isa.
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SaSasJOOL*
iiL.23yk.,latli <551














1.9450 ma 0.13 0.22 0.365 0*49 0*62 0*76 0.925 1.10 1*55
475 m 0.025 0.049 0.091 0.145 0*185 0*23 0*32 0*345 0*53
500 ma. 0.10 0.022 0.046 0*055 0*07 0*09 0*125 0*138 0*201
525 mx 0.10 0.02 0*029 0.043 0.052 0*07 0*088 0*090 0*13550 WCL 0.17 0*02 0.038 0*040 0*057 0*073 0.<^ 0.0^5 0*115
575 0.12 0.018 0.028 0.035 0*055 0.062 0.072 0*092 0*10
600 au 0.01 0.015 0.CS5 0*032 0*049 0.05B 0*068 0*068 0*085
(Pig. 10)
«• Mxttjres as iirder (1> in coloorlesc liKJttles, 
flaqposed to iiltraviolet light forfoer hours ♦ Absorption 
a t 425 and 450 ma «as large ia  sost cases ai»a
hence could not be recordoiS the eoloriseter* !f!i9 
0*B, values a t 5 ^  ai»S 575 m  differ very l i t t le  froa 
fflne another*
!*:!;:3;i Kfufiin:
• « ■ «. a c 1 ■ r« « • • »« a »««vr>«t> §k «•■■••■ *9■■va S«V*«f *• •••*«■ »l
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Table T ill.
5^ 1? > of niztures of CrCl^  ogg .e s^osM.
JaLU ltovlolet IS-Kht tor four hour'tS.*
1 8
425 HU 1 ^ 5  1.95
450 au 1 *75 1 .B5
475 ma 0.79 1.55
500 ma 0.315 0.55 
525 wi 0 .1 ^  0.28 
5501^ 0.13 0.23
575 au 0.11 0.19
600 m  0»OB5 0.145 
625 ma 0.065 0.108
3 4 5 6 7 8 9 10U98 1.99 1.99 <»U90 1.95 1 .9 6 1.96 1.97 « «
1*^1 1.85 1 .88 1 .88 1.92 1.95 1.95 1.960 .7 6 0.B5 1 .<^ 1.08 1 . 1? 1.22 1.32 1.450.395 0.45 0 .6 0 0.60 0.64 0 .6 7
0.64
0 . ^ 0.760.332 0.395 0.55 0.55 0 .6 0 o.fe 0.720.285 0.355 0.52 0.518 0.57 0 .6 0 0.65 0 .700.225 0.285 0.365 0.355 0.515 0.54 0.55 0.59
0.165 0.21 0.305 0.305 0.345 0.37 0.405  0.43i
(Fig. 11)
Mljctures as uadep (1) in te s t tubes, eaeposed to 
bright mmllght for about six hours* Liaear relationship 
approxisately followed for va^e Isagths 525 , 550, 575, 600 
^ 5  The absorpticsi at 425 and 450 was laa^e 
«HaoQgh to be recorded#
•  IS ♦
Table IX*
a3.jaay;lp;^ g,i;^ , .Ur:l^ ;^ .,.l‘f3r„
1 2 3 4 5 6 7 8 9 10
475 m
500 lau
0.61 1.55 1*88 t.92 1.99 •
0*375 C.79 1.24 1.55 1 U75 1*^ 1*95 1.96 1.9<
^ 5  HU 0*315 0.57 0*73 0.84 0.97 1.05 1.45 1.50 1.6*
550 au 0*30 0*53 0.65 0 .^ 0*83 0.87 1*10 1.25 1.38 1*5
575 au 0*295 0*51 0»59 0*^ 0*74 0.79 0.96 1.05 1.25 t.4:600 m 0.28 0*435 0*53 0.57 0.65 C.69 0*84 0*89 0*995 1.1'
625 mu 0.25 0.415 0*475 0.51 0.56 0 .^ 0*748 0.81 0.86 0.9
CFlg« 12 )
Tho f ollcR^r: ©ssperisents were perfortaod vtih  
B^skaan DtJ spectrop!iotc®jeter* 46D m  \ms fotmd EU>st suitable
for absarptloK aeasureraents#
Tabl© X,
*20*2i cc, 0»4 c c - - ' - - - - 1 * 6  ec, 1 *8 cc | 2 cc 10 M 
CrCl^ added to 10 cc 10*^  M Kj^ FeC^ r^ * to ta l voliffiie made upto 
12 ec* The Qljitiires In dark bottles were &ept overnisht*
• ------------------ ^ j ^ ^ --------- -----------g --------- ^
460 m  #*185 0*295 0*365 ©♦€0 0.72 0*96 1*16 1.25 1.6
500 su 0.036 0*045 0.055 0*09 0.128 0,155 0*185 0*21 0*26i
(Fig# 13, curve 1 and 2)
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Table ^
0*2 ce* 0*4 cc« 1*8 cc» 2 cc 10 M
adkl^ to 10 ec 10*^H to t^ l ^ 2 .ub»  a a ^  upto
12 cc# IHxtasre !^ te 4  4a an o il laath for about ten 
simites*
1 2 3 4 5 6 7 8 9  10 ,
460 aa 0.183 0,285 0,425 0*72 0.92 0.115 1.35 1.55 1.77
(F ig. 13t sianr© 3 )
TaUe XEI.
»Jtet3ap0G obtained adding 0.2 cc, 0.4 cc -  -  - —  • 
1#4 cc, 1*8 ec> 2 cc I0“^H GrCl  ^ to  10 cc 10*% K^ PeOy^  were 
©zposeS to  sianllsht f<a* s is  hours.
1 2 3 4 5 6 7 8 ? 10
460 iBu 0.198 0 .2 ^  0.39 0.57 0.77 0.94 1.08 1.3 1.47 1#65
( Fig. 13, curve 4)
-  (50 •
WteasiireiaGnts ■iflth the Lange* s Colorlaeter, using 
blue tlXtm^Sf w@r@ carried oat t#lth th© foUotilng ciixtures*
(1) CrCl^ aad
K^ F@Qy^  tcT^Ml (lii>  CrCl  ^ 10 * \ a»d K^ FeCy^  
iastares (i)  aiid (11) wer© kept ovemlght •Mhile (H i) m s 
exposed to liright sunlight for 6 hoi:^ 3# Tfe® observatlans 
Qm given in folloyiag table#
TsblQ 2 III ,
(1) Deflection -  14*5, 16.5, t3 t5 , 21.0, 23.0, 26.0,
27«5, 29.0, 3U0, 33.0.
Extlsction -  0.065, 0.0?5, 0.085, O.tO, 0.115, 0.125, 
0.135, 0.145, 0.155, 0. 160*
(11) Defloctlon -  8 .5 , 13.0, 16.0,  7*5, 20.05, 23.0, 24.0,
25.0, 26.5,
Extinction •  0.035, 0.055, 0.070, 0.09, 0.105, 0. 11, 
0. 115, 0.125, 0.130.
( i l l )  Deflection -  11.5, 14.05, 20.0, —  ,  31.5, 32.0,
35.5, 37.0,  38#5*
Sxtinctiaa •  0.05, O.C^5, 0*09, , 0.165, 0.175,
0.19, 0.20, 0.205.
(F ig. 14, curre 1 aiil 2)
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the absorption studies carrisd out with tsixtm^os 
of chronic ciilorid© mC. potassiiaa fen'ocyaalde* containing 
a large excess <xf the la tte r , i t  can be concluded that the 
Foaetitm ti@tu©Gn chrcaaic chloride and potassim  ferrocyanide 
em  iJe imcCGS£5fully mspla^ed for the estteation of chromic 
ions l»etif«ia conc3ntratlon rang© td"^H to 10“%! under 
suife-ibla ©sperimontal conditicais* The choice of tlie 
iastru!3©nt ^^loyod also iixfluoncps c^stiaatioRS to sock 
«rtent* lltio Lasti imd Ikiscli ♦Spectrcmic 20* wrks eartreaely 
well for the concentration range 10*^1 to 10*^ M (vicl© Pig*5) 
and i t  can bIso be omplc^od for s t i l l  longer concentrations 
(10*^ M) for a tm  selocted nave lengths (450, 475 m  -»
9)* ’'?ith the 'BmSmmx W Spoctrophotoseter, estimation
of Cr by potassitsa ferrocyanide can be carried out over
*2 **5the entire concentratic® isnge (10 H to 10 I!) a t 46Cto* 
Although a linear relationship betueen ccsKsentration and 
cofuld be realised a t 50C nu, the miriatitais tutre too 
sm ll to ensure hich accuracy (vide Fig* 13  ^ curve 2)* 
Lange* s Coloriaetor can also be us(k1 for the same 
concentration rim -e Imt the csperi®ice is  tiiat I t  should 
m ly bo eciployod high accuracy in  estimations is  not 
required*
As regards tiie «C|^iai^tal  coiBiittons, the 
estimation can best be perfamed a fte r keeping the aixttire 
ovemight^ Sscposure to bright sunlight for longer periods
resu lts  is  tiie fcs®ati<m of a turbid solution* To achieve 
qisick re su lts , h a tin g  of the mijdjure in a water or o il 
bath iialntalBed befe/een 50*^  and 60® should be done for 
about t©n ainutea* IM s operiatlcm ;^iould be carried out 
v©ry carefully otherwise p reeip ita tim  of chmalc 
fcrrocyanidc is  likely  to occur an cither prolcmsed heating 
or on raisltis the toanerature* Hcps#©ver, a aape 
aet^ KxI l3 to  m:pom the niicture to u ltrav io let ligh t for 
tlsiB (4 hours ia  the case of the Imp used here)* The 
re » ilts  d e p l e t e d  in f l g a *  ? »  1 0  a i i d  I t  l e M  support bo t f e e  
con^lti<^ stated Sijov©# 71m liii^ ^  relatioaship between 
craic^tration and 0«D» althouc^ not s tr ic tly  toUc^mSi 
give resu lts of fa irly  high accuracy# Bstljsiations can 
also be carried out a fte r exposure to sunlight for about 
alar hours (Fig^ 12)*
l^e fact that micro quantities of ehifcisie iosss are 
able to de’yelop a red colour in the mi:rture definitely go 
to prove that i t  is  due to the decomposition of potassium 
f©rrocysnifl© an^  ^ not due to the eaaplax chroaic ferrocyanid© 
nhich has got a prel(K3inantly green colour.
.a x  S-^ g- B 0 M X C
F . i L , , i L ^ ^ J , X ^ . , , I L I , , I > . . , I  S , , £ . J L £ . J L i L J l
1 .1 .J P ,,l iJ l ,m ,g , d a
Tha spectrophotoj^trie studies on the soluble ckrcsaic 
ferrocyanog©a caapleaceSt described earlier^ irere furtti@r 
«x^2Kl9d eu^lcying ccmductcsaetric, potontico©tric and 
polarooraphic aothods#
Tlie eond«cta®etric, potontlosetric and ampemaotric 
aethods are usoally ^ployed for stx»2ying pareclpitation 
reactions \diile the B3errun*s nethod (Metal Mrnhm Formtion 
in  aqticous solutlcais Coponliagen* 1941) and the polarographie 
studies (J*J* Liapine, Cliemlcal Review, 194, g£, 1) a t th© 
dropping aereury electrode, are sised for investigated cc^ples 
ion formation in  sol«tions.For the clirofalc chlcH*ide« 
potassiiaa ferrocTanld© reaction neither of tb® two ^thods 
«a»d for stt^lying soluble cojapleses could be eaployed since 
th© Bjernffii method is  applied to im resti^ te  generally 
chelates, or reactions taking place ia  more tiian one step 
while the polarosraphic aethod finals use in  complexes 
roversibly reducible a t the dropping ^ rcu ry  electrode*
A nmr approach was, thex^fore, aade to study the reacticai 
by the conductonKitric, potentiaootric and polarographic 
methods*
The for pjreparSng fim solatioos and
determinliig thstp m s tbe m
#arllep» Wf eoM uetiirity tssldge with the Isit^siGa
type ee llf  tjtoslAy potm tiam tev %?ith aad ^a3.t 
anpsttigesieat, Seekwiii pH m ter H) were teed tow
potoatiGB^ftrlc and pH sm pi3*ei i^3ts# 
Polarogmphic stijai#s iiere earrled out with th© I»lp of 
Fisher lleearppod® ^ t h  the llaltifX^s galw^oiaeter (t!ype 
in  the eactensal e iro it*  Potassina < i^lciifid0 solution 
(0*'IH) and r@d (O^OOt^ ) vet@ me& m  thm mj^pmtisig
elac^N33^ rt@ a»a the mxtmm ms^psmmm 3respoeti7@33r« A. 
emrmkt ©f ^ I f io d  aitarogm (ehFo@mis chloride aaoid aUsalins 
l^ ag aH ^ l in  m i^  bottles) m s passed in  pola3ra>*
gjmphic <^H (^ fhiieh eonsisted of a s a tia te d  mXmel 
El^trod© and a drs^pii^ electi^do) laaistain
t&spt SLtmsphsmrn A ll wmmwm&nts mam m i^  a t 
30 + 0«1® in  a 1^ r® o s^ tle  m te r tsstax*
I
Sot I  -D ireot (chroBie i^orid©  added to  m l*  of
C*1M Kj^ FeC^ g •  to  m  in  e a ^  to st l^be* ?ol* of 0*1K C^rdj -
2 00, 3 CO* 4 CO, 4*5 00 ^  5 ce, 5*5 cc» 7 eCi 9 ee# «e 
oM 14 00#
m m rm  CK^eC^  ^ sided 1» ohrosic ohlorido)
V ol# g€  0#IM Ct O j  *  10  CO l a  oaoh t ^ t  taho#
WX* of •  2 3 cc» 4 c c , 4*5 cc , 5 e e ,
5w5 ec» 7 oc» 9 t t  ^  azi4 14 ee*
fh@ to ta l was siadd t^ >to 25 ee*
S#t n  -  D irect* lla^rying aisoont of 0*1M CrC|^ (0,2 ee 
to  ««s5 aaiea to  5 ^  oe of 0*211
Tl^ to ta l i^lisse %ras aade i^ to  20 co*
Elvers©* Varying aaoont 0*1M {0,2 ec to
10 ce) to  5 ^  oc 0*2M OrO^* fo ta l \rolis» was 
staSe xspto 20 ee*
Set I I I  «€)l3f©et* Yarylng m am t of 0*1H CrCl  ^ (0*2 ec to
3 eo) to  0«0^l K^ FeOjr^ * fo ta l raltss^ «as
lapto 20 CO*
HoTOrso* Varying srotmt of 0*1 H K4F@Cyg (0*2 ee 
to  3*8 oe) added to  5*0 ec of 0*05H CrCl^* fo ta l voltaie 
m s aade upto 20 ec*
I t  %ms fouQd ^ t  for s i^ tire s  o b ta is^  m  adding 
iisereasii^ mcnrnt of ehroiaic ehloride to potasslm  
ferrocyanide the y@Ho»l^ colour gradually disinis^od 
azsEl i t  had a ^ o ^ s h  t i n ^  in  te s t ttibes eontaining a 
largar i^ p o rtio e  ef chrooic iom* After tlie lapM of 
t¥emy four hours ^ e  yeHoir e<^ loQr c h a n ^  into re^ 
ifhile ttm grmi^s^ aolutioisii developed a greenish y ^e« r 
t in ^ #  She te s t tnhes ver© kept in  dai^ roo@
m ^  m
Bwc^ d dim et mssLULgUtrn
lA  tubes %Amro the aiadzig vma dcm ia  the 
rm&PSB &Pdmg tbs colour w&s gr&m in  th® hegtmdsg Iwt 
e h ^ e d  to  yellotdLsb grem $n te s t tubes ecsitaiiiizig I s s s ^  
mmmt of ZjJ^ ^Qsr^  mid soddish in  te s t tubes eoistalBiiig 
higher proporticm of S M ^t ^ ec lp ita tio n
Cliltiidh grem) vus obswrved in  a l l  te s t tabes tpmo* 
peetive of tise ecmeen^aticm of |io ta ss i»  ferrocyanide*
In such eases ^asisr^en ts  veare made with st^peima^nt 
li<njld^
m m m s m jm m ^
Tte polarogrsffis of the following set of laSxttBPea 
irere taken#
(i)  20 cc, i$ S  cc» 1f*6 cc, 1 9 ^  ec* I9«2 cc, 19 cc,
IS oe, 1$ eot 3 ee^ 6 ecy 4 oCf 2 ee
and ©«0 cc of O t^H K^FeC^  ^mixed ¥itJi O^ tM CrClj so t o t  
ti^  to ta l wlixie m s 20 m  In each o&se*
(H ) 1 cOt 3 ®Ct 5 cc^ 7 cc, 8 ec» f  cc# t t  cc# t2 ec#
13 CO# 14 ce# 15 cc of O^ IM CeCX^  added to  fO ^  0*1M
a© to ta l volt^e m s sade npto 25 ec a fte r 
adding ^ u i s i t e  ^ i^m t of double d i s t i l l ^  nmtmr^
For l^e d ireet ti^m ti^ is#  t^e constant i^^tential 
tm applied m s ^ te rs im d  frc^  the polaro@pass obtained 
tinder ( i i )  abote#
Fsr fAm r&w&m tltm tiesm  i ec, 3 •***• •  |4  ecf
15 ©c of 0*tH ¥we sMied to  10 ce of 0*1H CrCS^
aad t® tal irolTOe m s mde t^ to  25 ce# fh© cK^Btszst 
potm tial to hQ appllad ims deteroiiied tram th@ po lan^m ^ 
or latxtares^
fbe TOPiatlcass in  et»rr<Kit oa applying the p o t^ tia l 
frm  ^  0#5 w i t  to -2»0 w it  t#^© recorded# t ee 
sd:^i«re diluted to  10 cc witfc 8 cc of OfIM KCl and 1 ec 
m f^ l  red m s t a l »  in  tlie polarogi^iMc e#U^
MSOL’gSt
A» The imriotlcai In pE, ccs^etanc© aad E.K*?# (F t.
i i^ i^ to r  ©l©etrode)are gtvm  is  th© follosring tables s
Tabl® H7*
S®t I  •  a 0*1Mt » OM  (fo r both d irect and
TBmpse sixing) *
Direct T itra tio i^
?ol* of K^ F®Cy^  CrClj |fi Cs53d^taisee
,.„„„yk?,D..„.ito, , . M t ,  „
to  cc 2,0 ©c 5*6© 2*4©
10 cc 3«0 cc 5«^ 5 2«45
10 cc 4*0 cc 5*55 2*^
10 cc 4*5 cc 5.40 2#55
10 cc 5*0 cc 5^0 2*55
10 cc 1*5 ce 5#t5 2«fe
10 m 7«@
10 cc f»0 ®8 4*9 3#20
10 cc if «0 cc 4«7 ?*55
10 cc 14^ cc 4«7 4*00
(Fig# 15i S^i* l€f curw 1, Fig^ 17, car»« 1)
T itratiaas
7oX« CrCX, lTf3.« 0f  K. FeCy  ^ Cm3mtame B«lt«F*
■  ^ ^ ^  icr  ^ „h03 volt
to m  2 *0  ms
10 ce 5*0 cc
10 ms
10 ms 4*5 ee
10 m  5«0 m
to «e 5«5
10 ^  7*0 te
10 ee 9^0
10 ec 11*0
10 e& 14«0 00
(Fig* 16|> curr© 2>
®aML© X7*
Set H  •  <^Clj sO*1M| Ej^ FeCy^  « 0*2M (a irec t mixing)
KjtFeCJy^  s  0*1 H{ Crd.^  •  0*2M (reverse lalxlng)
Direct titra tio n s
Tol* KiFeCf^ 701* ^  Ord^ I® Ckmduetanee g#M*f* 
(0*21!) ^ ^ CO^ IM)  ^ *io-2*«hn« Tolt
5 ec 1 *0 ec 5*7
5 66 2#5 66 5*2
5 6 6 4 ^ 6 6 5 * 0
5 66 6i0 ^  4«8
5 66 B«0 <KS 4#57
5 66 $*0 66
5 66 t0«0 66 4«45
5 66 11^0 66 4*3
5 66 66 4#2
5 66 15^ 66 4»15




7oX« of GrCl_ ?ol# Ki F©Cy,
(0.0514)  ^ (0,1M) ^ ^
Cundwitaace
m  ^ -• w
5 cc




5 ec 0,6 cc 3^5 0,95 0,215
5 cc 1,0 ec 3.75 0,96 0,1985
5 cc 1.4 ec 3.9 1,02 0,1925
5 ec 1,8 cc 4.1 1.17 0,186
5 cc 2,2 m 4,4 1.31 0.1795
5 cc 2,6 cc ^•5 1.35 0 .1 ^5 cc 3*0 cc 4,6 1.39 0 ,m 5
5 cc 3*4 e« 4,75 0,1595
5 ec 3.8 ec 4,9 1.53 0,157
(Fig* 1$ curve 31 Fig, 20 cforve 2)
SSADIIIGS FOE THE POLABQGRM^ OF CmOMIC CHLORIDE
M s#
lilxtur@s 1 to 15 e<Hitain 20 ce, 19*8 ee, 19*6 co,
19*4 cc, 19»2 cc, 19*0 cc, 18*0 cc, 16.0 cg, t4 .0  cc, 12.0 cc,
10.0 ccf 8*0 ccf 6,0 cc, 4*0 cc, 2*0 cc, 0*1 H K^FeC^ ,^ the 
to ta l volume was aad© upto 20 cc in  each ty  adding the 
requisite amount of 0*1M CrCl^.
0«t25M KCl was used as the supporfeUig electrolyte and 
0.01^ aothyl red as tl^  aaxlmaa suppressor.
The solution in the polarographic ce ll consisted of 
1 ec of the mixture t  1 cc mettigrl red -f 8 cc suppOTtins 
electro ly te . The toaperature was maintained a t 30 * 0,1®,
A positive pKStential frc^ ir 0#5 to -  0,0 volt was 
f i r s t  applied, the senstiv ity  of the galvanoseter yas kept
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a t 20 r .  Aftcjr®8ras a potential fnm. •  0#0 to -  2,0 volt 
applied*
The obs©2nmtion3 recorded 1b the following tables#
XVII
roltage !!lxtare 1 WLztxme 2 l^ixture 3 Mixture 4 Mixtuie 5
• 0.5 -  30.0 •  39*0 -  36.5 -  34.5 -  32.75OM -  26.5 •  33.5 -  29.75 -  26.75 -  25.5
0*30 -  25.5 •  32.5 -  27.00 -  23.25 -  22,0
0,20 -  26.0 ♦ 34.0 -  31.00 -  28.0 -  26,5
0,15 -  38,5 •  27.5 -  25.5 -  25.5 -  25.5
0,10 -  5.0 4,25 -  3.50 -  3.25 3.5
0.05 -  1,0 •  0.25 -  1.5 -  0.25 -  0.5. 0,0 -  0.5 -  1.25 -  0.25 •  0,25 + 3.0
- 0,0 •  1.0 -  1.0 0.75 + 0.50 0.75
0,10 -  0,5 0,25 2.0 1.0 2.50
0.50 > 2.00 i^ n m . 3.25 4.25
i»00 2.25 3.25 4,25 5.25
tJiO 3.0C f*Q 4,25 5.0 6.0
4.25 4.0 5.50 7.25 8,25
1*90 6.50 5*75 i : S °
tO.25 12.5
2,00 45.5 42,0 65.00 85.0
(Fig* 21 curve 1 to 5 )
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-  24.C -  22.5
-  20.0 -  17.5
-  15*5 •  14.75
-  18.5 •  19.0
-  27.5 -  26.25
-  2.0 -  1.K)










(PI G . 21 ctirve 1 to 10)
Table XIX.
Voltag® I>!lxture 11 ifitsture 12 !!ixture 13 Mlxtupe 14 Mixture
Current Current Current Current Current
0.5 -  18.0 -  17.5 -  18.5 -  18.0 -  18.0
0.4 -  16.5 -  15#5 -  16.0 -  16.0 ♦ 17.0
0.3 •  15.0 -  14.5 -  15.0 -  15.25 -  16.0
0.20 -  13.0 -  13.0 -  12.0 12.0 -  12.25
0.15 -  27.0 -  32.0 -  14.0 ♦ 12.5 -  8.5
0.10 -  1.5 -  1 .25 + 1.5 1.25 - 7.0
0.05 <1- 0.25 0.25 0.0 f  0.05 -  0.25
+ 0.0 4.25 4.0 4*0 6.5 f  5.0
-  0 .0 2.25 1.25 1.25 5.25 3.0
0,10 3.0 2.25 2.25 7.0 4.0
0.50 5.75 4.5 4.0 5.25
1.00 10.5 10.5 29*50 68,0 120.0
1.40 36.0 22.75 47.0 100.0 160.0
1.80 95.5 165.0 240.0 285.0 370.0
1.90 150.0 215.0 285.0 285.0 370.0
2.00 280.0 350.0 375.0 310.0 390.0
( Pig^ 21 curve 1 to 15 )
-  n  -
Gtirv© no* CFlg# 21 i C12PV0 t6) reiaj^soats thQ variatloiss 
in  current for only the CrCl^  solutlcsi* 1 of 0.1 M CrCl^  
isits to 10 cc in  tlia polarographlc ceU ^ th  ti»
saas^sja sui^sf^sor ana tlio imppoptlng ©loctrolyto*
W ith th e  iriaw t o  c r i t i c a l l y  & m Edm  Uv3 polarographic  
liehaviour o f  th e  ch ro o io  fo rro cy a n id e  eam pljjx  a t  the  
aropplng si®rci3i y  e le c t r o d e ,  th e  polarosrmsis o f  the follo'^rf.ng 
SOlUtiCHtS W8T0 a ls o  stsid ioa*
(1) 1 ec of th© laixtare 8 0*1M CrCl  ^ and 12 ^  0»1M
!3©at@a water bath (6C^) fear about fifteen  laimtes 
1 ©c i^thsrl rod <0#01 )^ -  8 oc 0,12 KCl*
Cli) 1 ec of the s u tu re  C3^ 12 cc 0*1M GrCl^  and B ce 0*1M 
K^FcCy^  boated on 3 -yater te th  for about fifteen  miimtes •  
t cc aetliyl red <0^0t|) * 8 oc 0*nm  KCl.
( i l l )  1 cc 0»1M K^ FoCy^  ♦ 1 ec methyl refl (0.01 :^ ) + 8 cc 
©♦125M KCl.
(iv) 1 cc 0#1!l ijTadiated with u ltrav io let ligh t
fo r four iKftjrs 4 1 cc ^ th y l rod (0*01;^ ) 8 cc 0*12^ Kfl#
(v) 9 cc 0.12511 K d t  1 ec s e l^ l  red <0^ 01,I)*
•  7 4 -
Table XX*
?oltage Solution <i) Soltttton <ll)Solution ( i l l )  Solution Solution
Civ) (t )
________s a s m l_____ ....................   ..iaaam l    ,,
•  0.50 -  20*0 •  17*5 -  24*0 -  40*0 •  19*25
0.40 -  18*0 -  16.0 -  24*5 -  33*5 -  18*0
0.30 •  16*5 -  15.0 -  23*5 -  30*5 -  17.0
0*20 -  13*5 -  14*0 « 31*5 -  38 *5 -  15*0
0*10 -  a *25 •  1*0 -  33*5 -  3*5 -  2.25
0*05 0.0 «» 18*0 -  0.25
-  0*0 -  0.25 -  0*25 27*5 0*0 0.0
•  0.0 1 *0 1*25 45.0 « 1.25 0.0
0*10 2*75 2*25 27.5
0.50 6*75 5*5 26.0 0*75
1*00 7*75 5*75 26*0 2.25 0.25
1*40 10.25 13*5 «. 3*0 -
1*^ 25*0 31*0 25.0 «» 0.50
67*5 52.5 24*0 5*0 0.50
a*oo BeyoM 100 Beyond 100 45*0 33*0 4.0
(Fig. 21, curves 17,  18# 19i 20, 21)
polarograps shoyn in  Fig* 21 w ro dratm for the 
Bixtures obtained Eiixing tlw reactants the aetbod 
of continucMis variation* Current -  voltage curves were 
also dravm for airtures ccKitaining a fixed mmnt of E^ FeCy^  
ai»3 varying maKxmts of CrCl^# Frm l^ ie observations I t  was 
also possible to deternine the potential to applied for 
the asperometric titm tio n s,
Mi-Ttures I  to XII contain 1 ce* 3 cc> 5 ec, 7 cc#
8 cc, 9 cc, to cc, 11 cc, 12 cc, 13 cc, 14 cct 15 cc 0*1M
CrCl^ added to 10 cc 0*1 M K^FeCy ,^ thQ to ta l voltsae a^ie 
upto 25 cc the additicm of requisite aaount of vater*
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was taken in  the polarographlc c e ll. Temperature \mB 
rmintaimed a t 30 * 0*1®* Measurenents %mro carried out a t 
to  X senstivity  of tiie galvanometer in the begimiag 
{- m  potential) azid a t  2x  ta^iile applying the m o tiv e  
potential*
Talkie XSX*
Voltage m ^u re  I IHictm’c II  f^ isrt^ are I I I  mztwPB 17
______________ ......................___________________ Q m ss^ ......... .... ........................
f  0,40 -  7t *0 -  44.5 •  38*5 -  34.5
0.30 -  63.5 -  34.5 •  30.0 ♦ 2$).5
0.20 -  60.0 -  57.0 -  55#0 •  67.0
0.15 -103.0 -  33.5 •  36.5 -  27.5
0.10 -  12.0 - 3 . 5  + 3.25 t  2.25
0.05 ^ 0.50 -  0.25 0.0 0.25
f  0.0 0.25 f  0.75 0.25 0.50
♦ 0.0 1.25 1.25 3.25 3.75
0.20 1.50 1.25 5.5 6.5
O.K> 2.25 1.75 7.75 8.25
1.00 2.5 1.75 8.25 9.0
1.20 2.5 1.75 9.75
1.50 2.75 1.75 1 5 .r
17^5
24.0
1.70 3.25 3.0 27.0 41.5
1.90 6.0 5.5 50.0 65.0
2*00 40.0 13.0 Beyond 1<X) B^ jf^ oo^  100
(P is. 22, curros 1» 2 , 3, 4)
7 6 -
Table x n i •
Voltage mxtta?© V Ilixtaire 7t
_____________ ..........................Q u rrm t...
Mixture H I 
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(Pig# 22, curves 5# 6, 7* 8)
Table m i l .
Voltage larture IX Hlxtup© X
. ....
4 QM> •  29.5 -  29.0
0.30 : -  27.00.20 -  55.0
0.15 -  32.5 -  37.5
0.10 f  1.5 t  1.5
0.05 0.75 0.75
4 0.0 1.0 i#25






























•  29.0 
-  27.0
- 45.0
-  39.5 
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Vorlatioas in  ctirreat <m applying th© p o t^ tia l 
frc^ -  0.4 volt to  -2*0 volt vere recorded fcs* nixtures 
caEitaijiiag a fixed a’^ KRsat of Ci*Glj ai^ miyliig s^aounts 
of Kj^  Th0 constaat potential to be applied in  the
reverse titm tio n s  vas detorciined froa these observations* 
MiiJtores A to  I. contain I ec, 3 cc, 5 cc, 7 cc, 8 cct
9 ecj 10 C3, 11 cc» 12 ce, 13 cc, 14 cc and 15 ^c 0,1!!
added to  10 cc 0*1 M CrSl^,, the to ta l i^lyae Mas
Bade upto 25 cc the sdditi<m of r©<niislte iej?*ffiit of
«ater*
1 cc of the Disture t  1 cc !30thyl red (0*01^) -  
8 oc 0#1H SCSI waa tatolt la  the polorographic cell* 
TeQperature 'aas oaintainad a t 30 * 0*1®* HeasiireGsents 
'Brere carried out a t 10 x senstivity of the galvancsaeter# 
Re3Ults are recorded in the foUoyiog tables 8
Table x m *
?oltage m t^VEtQ k Mixture B Ilijrture C !'arfcur@ '
Current Cmrrmt Cisrrent Ciffrent
+ 0,40 -  (S4.0 -  56.0 -  56.0 ^  56.0
0*30 60 #5 -  p*5 -  5U5 -  53.5
0,20 -  43*0 •  ^ .0 ♦ TO.0 -  90.0
0.15 -  33.5 -  SO.O # 5^  .0 •  71.5
0.10 f  14.5 f  3.75 f  4.0 f  4.25
^ 0.0 0.75 0.5 0.5 0.75
-  0.0 0.5 1.0 1.25 1#00.20 1.0 1.5 2.0 I f0.50 1*25 1.75 2.25
0.80 11^ 14*0 5.0 5.25
1«00 26.5 24.0 16.5 5 .25
1*20 27.5 24.5 2?t0 8.5i*50 7©*0 60.0 36.0 22.0
1.70 71.0 57.0 50.0
1*90 85iO 85.0 72.5 65.0
2.00 BeyoM 1 (X) -• -
fable xaof#
Tolisg© lHactijr© E Mfetar© F
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l l i e  ecBaduetance o f  the la is tu r e s  fo r  th e  t o e e  s e t s  o f  
s o lu t io n  v e re  p lo t te d  a g a lijs t  th e  c o n cen tra tio n s  o f  CrCl^ 
(c l ir o e t)  OP (r o v e r se )  and are shoTm in  5: i g s . l 5 | l 8 and
2 0 * Curve fa t th e  r e w s e  t i t r a t i o n  o f  S e t  I  i s  n o t g iven  
s in c e  a sharp equivalencse p o in t y a s  n o t  r e a l i s e s .  F ree tlie  
breaks in  t;ie t i t r a t i m  cu rves tii® fo ll< m i.n g  r a t l^  o f  
ch ro a ic  £inc2 fe rro ey a n ld e  io n s  t^ere oM ained*
Sot I  ^ 2 X to '** CrCl^ T ^cts Miiii 4*0 s  tcT^ M
Batio C r ^ t  as 1i2« (Fig« 15)»
Set I I  -  Direct* 4*2 r  10"^ M CrCl. reacts vith  5*0 x lO^Sl
1*‘4+ ' m -TMMmBatio Gr t as It0»9 (Fig. 10, curve t),
a*f«rso 4*3 X loT^'l E.FeC '^ roacts wilts 5#0 x tO \  
CrCl^# Hatio Cr t FeOy  ^ as 1tO*36 (Fig* 18 curve 2)»
m  m  !>irect* x l b * \  CrCO- reacts wi^i 1^ 5  x 10*^M 
S^FeQy^* Hatio Cr t FeCy  ^ as t»2 (Fig» 20, curve 1)*
a^psrse ( i)  1*25 x 10*^ CrCl^  reacts with 0.62 x 10*^ 1
S/^ FoC^ .^ Hatio Cr"*^ t as 2 il I ( li)  t.25 x td”^ !
CpCI^ r€facts v ith  1.0 x 10*%! Kj^ FeCy^ . l^atlo Cr^''^ s FeC^ *^*" 
as 1.25 t 1 (Fig. 20p curve 2>*
m riations tn  pG of M atures irore plotted against 
concentraticsns of CrCl  ^ (d irect) or Ei^ FeCy^  (reverse) and are 
given in Figs. 16 and 19.
so -
Set 1 -  2*0 x id^^H CrCX^  voacts iiim  4*0 x 10*^1
FeGst^  ♦ Batio Gp  t FeGy  ^ as 1i2 <Flo» t6 , curve t)*
(1) 4.0 X to“^H CrCl  ^ reacts ^W i 2*0 x tO*% 
K^FeCj'^ * Hatlo Cr s as I f2 ,
•o -4Cil) 4*C 3c to  CrCl^ r ^ c ts  ^Ith  3*5 x 10 U
K^ PeOy^ 0 Batio $ FeCy^*“  as iiOS75 <Fi2*t6 eiirve 2)
Set I I  •  Cmt\jq for t!io reverse titsr.tlo n  is  cmly sham • 
Shs£p ©{jiilimlence point cmild not realised tor the dlpsct 
tlta?atlcm«
Reverse* 5»0 x 10*^4 CrCl  ^ raacts ^?ith 4*5 x 10*^ 1!
tit iw-TT-nr
I^FeCy^* Batio Cr : as tt0*9 (Fis* 19 cixrve D*
Set m  -  Direct* 0*65 x W*^ M CrCl  ^ reacts with 1.25 x tO*^ M
K^FeQ ,^* Ratio Cr i FeCy  ^ as 1i2 (Fig. 1°, ctirve 3)« 
S©irerse 1*25 x tC* I^! GrCl  ^ rcacts with l#0 x 10*^
V«<=y6- Ratio Gr iFeC^^ as ti0*8 (Fig* 19, eurve 3 ).
Th© 1S«H*P* variations m  adding varying aooisits of 
ehroBiQ ehlcaride ar© glvea in  Fig^ 17*
Set I -  2.0 X 10*^1 CrClj reacts u ith  4.0 x 10 K^ FeCy^ * 
Betio Cr iFeCy  ^ os 1t2 (Fig* 17* curve t ) .
0
Set I I  -  0*65 X 10*^ CrCl^ reacts ^ th  t.25  x 10“ M^ Kj^ FeCy,, 
Ratio Ct ^  i FeGy^^^ as ti2  (Fig. 17, ctirve 2 ),

In t o  potoegjpsphle studies tti® poMrQgrma olitaimd 
were iis«d In two dll^er«at to  elucidate the caigsjsltlQB 
the I t  is  izit€7@sti23€ tiiat in  tlse polarogz^as
!3ii3iaa oceisp d tff« p ^ t mixttawjs a t  a l ^ s t  t te  mm
potential { 0 * 1 5  arai ^  0#2 fOlt>« I f  the m iaes of tlio 
-:m m ^Qt th#se i^ Lniim ai*e plotted against 1±i® voIx@e <3f  
shTOi^e c h l^ d e  fsmms ara oMaiasd frc«3 ^ ie h  the 
sc^positioi of chroedo ferroeTanMd be determiiied#
m ines of ths ctanrent a t ¥ 0^15 volt (\?lde ^b lea  
17 to  t9 | ^iS* 211 Cftsr^ s 1 to  15) aad >  0*20 w it (viie 
Tables 2t to  21| Pie# 22, eiair^ I to  %2) are tabulated belosi
tab le x rn i





^ 0  oe 
©e 
t0 ,0  00 
12*0 ec
i4#© m  I4#0
1 ©e 12#5
lepOiPg 0*5
CKJjrtaa*© Ci> -  detaili! 
Pig* 23 •  cwp» i*
1*0 ec




f  ^  ee 
10*0 ec 
11*0 m  
12 *0 m  
1 | *0 «e
15*0 ee
(m^ctcre (M) « details se l^T4 
Fig* 23 -  aurm 2* "
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A of tables 21  ^ 22 aad 23| and also
tallies 24» 25 axuS 26 vcmld ahm that the ewermt »hsm % 
iu^spease afte r -1 ^  volt* fh® values a t  tM s voltage 
be taken as i f  ampe^ometrie titiTmtlcsm are 
carries out a t a c o n s ta t po tm tla l of «t«2 ipolt) are 
talralated in  the fO U oi?^ tabXsi
Table xm iX  rn
7ol# of QrCXy Current Tol* of Current
1*0 00 2*5
3«0 00 iwf.
5 *0 00 2#7!7*0 00 17*5
8«0 00 20.5
|«0 TO 21*0
10 *0 TO |0*0
f1»0 TO h s12*0 TO 
13*0 TO H i14*0 CO 15*5
15*0 TO 15^5










l l :§ s
15#0 00
16*5
Fig* 24f eariie 2^
Fras tables 27 aM 20 and Figf # 21 ^  24 i t  
©an be readily seen tha t the ra tio s Cr iFeC^^ 
0Ot to be I ft aM l^a s H
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The cccduct^aetric, titPatiQBS, bot^ d irect and 
Temrs&t ppoifide a definite ijjfapisiatioR repaf^iag
th@ <scm^8itim of the eosplex fo2®ed# For tlie tbre© sots 
of e«icasatpati<»is of the reactants ua@d th© ratios cos© oat 
to  lie 1i2t tiO«9 aBi Ii2  (d irect) and l iO^g 2t1 and l«25tt 
(rewrs@)« Kore untfors aM sa tis fa c to y  resu lts are, 
hmmmTf oWimiirnd trm  ^  m ^stir^ i^ ts aisl potdntlcoetric
titm tio B s, ^  ra tio  CJr iFeCy^ hei2ig li2  (d ireet 
pH and E«H«F*> asad 2 tlf  1sO«S axi^  It0»9 ( re i^ s e  |iE}« 
AssiMing tiimt the weost proMble ra tio s of the Izitai^tiaEi 
of chromic chloride potassiisa ferroesnemide eore It2 
fo r the d irect titrs tio a s  and tiQ*9 for the reverse 
titrati<m S| th© prolmbl© caapleaEes fo m ^  irmild he
(an adsorptlm  c o ^ l^ )  and KCsFeC^^ * A lthoi^
the la tte r  emplex csily be obtained v ith  the Cr i
FeCy  ^ ra tio  of t i t ,  the cc»bini2ig ra tio s of 1tO«8 and 
1 iO«f pcdnt towards the fac t that @m& of the ferroeyaxiide 
is  used tip during the coarse of the r^ c tio a#  This is  
quite possible sizice a l l  measurcsi^ts yere carried out 
a fte r twenty four hoixrs said dtsring th is  period the 
d^»^>ositicm of potassium ferrocyanide by chroiaic i.<sm 
reaches cciipletion#
The ecB^lex is  m t reducible a t the drc^ping e lee tro^  
aM as such i t  is  not pc^sible to  ai^ly  ths ^Hiventicoal 
polarogra^ic aethod of dete^ in lag  c o i^ l^  fossmticQ In
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th is  ease# Th© sh ifts  in  the alniiaa td th  losrmBix^
«
smfmtB of eharoBiic <^lorld© in the chroraic chloride and 
potassim  f@XTo^ r@i3ide sdsctiir©  ^ appears to be of 3om 
si^aif lca!3O0 in these atodtrnm Or pl&ttlEig the 
wolssm a ^ in s t the mzrent iraluas a t the mSniisa* &wms 
m m  6btain©d (Fig# 23) whieh give ratiOB 1 tl and
It0»85» mpQTomtspie tita^tions (Flg«a4) oarrlad out a t 
*1*2 vo lt aim  give a ra tio  aaarahecit f t l* ISmm a?emilts 
elmrly^ sh ^  that a oon l^eac having the con^sition SCiPaQjr^  
is  tormd the iatei^ction of chroalc chloride md pot»- 
ssim  ferrocyania© aisS that the d®eoE^ositl<» of potassit® 
feiTOcyanid® does ta!^ place in jaresenc© of chMde ist^  
(vid© Snfpa)* F arth^  the resu lts alao go to abaw Um 
greater advantas® 0Ad u t l l i ^  of Hie polarographlc and 
an^romtrio aetfcods over the eonductoeietrle and pot^tio* 
wB^ selc mmB%
fhe iHslarOii^l^ic and ifl stadica also ;^ v id e  
Isfonaatiflo regarding tiie changes taking place in  the 
chroraic chloride potssgii® ferrojyanide laistnres* That 
t^e aatdle part of the curve for the tmves in  the polarogram 
(Fig* 21) is  dm tio potassiom ferroc;raaide is  eiildent fvm  
<mtms i to ikm to  tSm earl^r stages mlwB of ttm 
®inij!iE© em?rent g<»s oo decreasing# a f ts r  \ihich i t  rm stm  
m m  m  less cm ^ti^ t said thm  again decreases rapid3|r 
(Fig* 23, curve 1) fc^ mixtures contaiaing large exc^s oi 
0mmie diajMKlde m  mch so for 13m emtm 15 (IS ce 
0*1H ^ 2 ce <l«fM Kj^ FeC^ fg) no miniaam is  oliservaMe
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and Urn caxrm is  liM  tbat for p^ ia^ e chromie chloride solatloQ 
(Flg«21, (TtXPm t6)m
ei£TV©s t@ sad 19 la  Fig« 21 are f m  mixtnaspm 
h®at©d a t Gn eoi3pp?Jng the curves fo r coHfespca^ijag
m ixtees a t roosa temp«s*atiir© (curves tO and 12, Fig# 21) 
i t  mn. tm safely ctsucliKJed t3mt potasslus feiToqyanld© and 
cbrm ie chloride react to give chrcmle ferro cy ^d e
la  Urn insoluble icmn a t  hlgh«^ t^peratu re  and no lnf€»!aatiGi 
repording the decoB t^itloa pot&mixm fe rrocjr^de  is
obtained# fhe anodic m m  fo r the polarograss of OtIM KGl 
(Fig«^ j, mxFm 21) tim t tbe waves olit^ined for the chrc«ie 
chlc^de potassifM ferrocyanide mixtures cazmot he ^  to 
presence of chloride leas alotMi*
Fotassitsm ferrocyimide solution is  said to  tssdiorgo 
l^ rd rt^sis in  u lti^ ^ c le t lig h t <loe« cit« ) as na il as in  the 
presisice of aercuric ions ace^pding to  the eguatlonst
K^FeC^g + ^ 0  s  Ej(FeCf^#a^O) ♦ WCB and
ECI 1^0 s  r a  t
A s io ila r reacticsi is  also pc^sible ^ i ^  the chemsic 
icc^ since the developemt of rod colour takes place here 
also as in  t o  case of s o la t ia  im idiated %dth
u l^ v io le t  l i ^ t *  The polarograss ta b ^  tmdar the l a t t ^  
ectiditici^ is  sl»»in In Fig« 21,  curve 2^  is  of t ^  asm
t^rpe as ohtaisied f<^ chroisie c h l^ d e  f®procyanlds jsl3rtm»*
■m gg
The fac t that the d©c€®^3ltion of potasslt® fe7i^oc:fanide 
talces places thm fomaticffii of (I^PeCy^^a^O) is  tusHtmt 
anp^assM. 1^ m^aswemmitsm fbBTe i t  ma fomd
ti^  pB gradmlly increases with tSm for tii© d i f f e r ^  
j3Sxt«res^ Tho posslM lltr of potassisM fe rro e^ iia e  chaaglBg 
potassiiisj fBrs^ieymiide appears to  be vesry remote or 
^eo3?etlcal grouses sa3 also  froa ttoe polarogrsiKJ of 
solatlcm (Ftg,i 21, Qvopve 17) t ia t  of tlie sl^rtore of 
chroEdc chlc^M© ai^ potassium ferrlcyanlde (Fig« 25) •
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Q m m m m
m.
I t  has alr®a<^ becsn p^orted that besides th© fiMSsatlco 
of a soliilsle craaplesE a t th© rooo t i^^perattai*e# th& roacti<m 
l^tPsen chrosaic chlOTlde and potassiiaa ferrocjraiilde s^tioa 
CBTTted out a t a higher teopejsature gives a precipitate of 
h i^ ly  gelatiiscms character* The eluci^Sation of tlie 
compositlcHi of th is  ca^ lex  esipl^iag jaetho^s leis
tried  b«t i t  pr©smt#a a ra®ber of d lffic td tles*  
i^ te n tio a o ^ c  tttrati«Kis carried <mt at
633^ 2j£^ i^i^  a ^  ♦ ® couple a t the
platiistm electroae, f a i l ^  to give sharp te«aks in  ths 
titra tio ia  ctinres arid heiice cooM toit l i t t l e  infossaticR 
regardiao tl^  caaposltlim o£ tbs cosplex#
The <«iarlttctoBietric titrati<»i settioa w s trie^*
Althcm.f^ h tii© B0thod ecaiM si3^1y sme lisfcarmtioa regarding 
the eca^sitio n  of clM?08aic ferrocyanide, i t  bad i t s  o?m Ijbii- 
taticms# factor m ialy  responsible fo r ^ e  lin ited
applieaTsility of tliis i^thod in  tM s particalar ©ase is  
apisreciaMe decr^se in  of the icaa in
reactlofi misrtare cli» the highly gela tiim s n a to e  ctf 
reactic® iSiartare* fhe 0l^«nmtl<sis on tfe© lo^llsiliiar^ 
sttidias c® sltic t< ^ ^  a t tssm particular ccsx^ntraticm are
g iv ^  in  foUoidJDg tifo tablss* Mes«P€®fe0a5ts m^e oy ried
oat v i ^  th© M«f coiaSiictivits^ la*idget iisii^ a dipt^ije 
C €^i»stiv i^  e«H« Site te&^iierattre of o il «m

Baintained a t 80 ^  0«2 e#
^ y i e m u
?ol# of 0#^^ la  the c®H s  1 0 ^  ec«
Tmprn BO ♦ 0 ^ «
7 o lm  O f O m tM C flj x  V ?  c o r»c t.a




1 *0 m  









2 6 ^  ce 3 1 ^
28*0 ec JOS$
?ol* of « l 3 in  tte  cell
T € ^ , 80 j  0«2*^
7ol# of 0»IM CCTiauetaiKS© x 10  ^ CofT@|t^ CcEriucteBie#
0«0 ^  
1*0 ©c
3 *0 «e 
6«0 lee 
8*0 ec 





2 0 ^  ec
22,0 &e
Ftgk ttie curves given In Flo# 26 curws i aad 2g 
tl® m tioa «f t t^  ?@3Qtant8 t& glv© the tsioffs^e f&roqfosld^ 
oc^ %,l&x <^n be Set^mined*
7<am Of Qm5a CrCl, m *  or Hatio Cr iFoCy.
la  ce ll  ^ 3^Poa ^
ctjrve
10.0 cc 9.S cc | 15*$ ce 1t1 ana 1i5
ITol* of 0 * ^
la  tfc© ce ll trom tfee css!^
I0«O ec 54  <^| 21 «2 ec ItIO  iox3 1i4«a
ra tio s  diFci^c to  potassita f<^roepo3ite
abov* i»  to pfove tha t onl^ tltm tdond canned
out with In the gl’P© pesolts of Bom u tili ty
(ai£l timt too in  oases)« On tills Insls ^  omstlesms
of chromic f©rrocyiusia© vmiM haire the larofestjl© fe^^sOa 
KC*f©Cy^  an^ KCx®*e<?^ gipOft5 (aa adsorptloQ ociipl^)^
Sijio® fan tastic  resu lts  vere obtained t#lt32 the 
titra tio n s  (i&spite. of fac t that typical titsaticm  
curws ar© obtaizssd)^ i t  was 'ttiowght M^rthsibil© to flinl 
fcartter (^asfirEatiou »©0aii5iiig tiie coiipositioa using 3cm 
ott^s* ©lectsoBetric ®©t^»d.
The ia te3?actioii of cJ^obIc chloride bM  potessim  
f«2Tleyaiiid® a t BO  ^ a lso g tw s a gelatlJKnai proclpitat® aai 
slallsa? S iff ic iilt ic s  are ii3t  wlt3a wh^ using tii0 p o t^ tio - 
se tr lc  aa2 oo^uetoiielarlc m thod. Ifee ampero^tric titra tio a  
sethoa was foHnfl to lie laoaro useful and i t  m s , thei^ efoR*©, 
«iaployed fctt* the ©ludtdatioo t!tm cosipositiQa o f eh rm ^  
f  and f^pricyanid@s«
l.l,f.,S .I.,l„II.J,l.X ,A ..h
CSiroiile chli»fid€i» potassitia f€^ETot^aside ao^ po^msius 
ferricyanid© solutlom  wsre prepared and th e ir strengtl^ 
datarsined the iiet^ods descrlhed ^o^liar* CozK:€int7ated 
solutions of both potassii® f  arro* ani2 f^fricyanidas ’war© 
stc^aS in  dark eo2jexat&& bottlas« Tbet cjbromlc chlGs l^da 
solutiQH 'ma also dHutad to  ^  raqiulsite coaic^xtTatlon
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before perfoi^ins tim ^sp^iaesit (to  avoid «snr^sion of 
gp^m to  ^  v io let ifiBori©^
4 n rM S iim £ jm g im ^ p
Fish®r Elecdropode in  eonjrajctioa with a M iltiflax 
galwKsieter ^rpe w s employed fo r tlM» wm^sixtmmt of 
e u rr^ t#  The electrodes used were t^e dp<^lag s»rcttry 
eleotr<^6 mA ^  i^t^irated calm el electrode (dip tsrpe}* 
nitrogm  afteap passing through chrocKms ^ilorid© and 
aUmliise i^rapiH ol used for saintaiJJirig the ioert 
a t ^ l ^ r e  in -^e po laro^ph lc  cell* KCl vas used as ^ e  
sUpportl2ig electrolyte and gelatire nas aaariiBai
suppressor* f!ie o il tsath theraostat was xmed for tmp&t&txcpe 
control (80 *> 0«2%)«
For stadsrli^ the ru c tio n  between chmaic chloride 
and potassiim ferrocyaaide a polarograia of chroeic chlt»rlde 
\ms to ^ i*  1*0 cc of 0»1!l chroiaic chloride iims taken in  
c e ll and the to ta l wlun^ siado upto 20 cc vlih  1 ec of ^  
gelatine soluti<m and the re s t supporting electrolyte ClISSSl)^
Table x m .
...... ______________ M t e s ______ l^sasMi___________
0*0 1*25 t*0 29*0
0*t t*25 1*1 29*0
0.2 2*25 1*1 32*5
0 4  2*75 t*5 ^#0
oX  1*0 t .6  62*5
0.6 3*5 1.7 f^#0
0*7 5*0 1*a 110*0
0*8 9mn l#9 160*0
ilbS________ SSiSSL
(F if♦ 27)
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Hhe polarogmn sboim in  Fig* 2 f shoimd ®ie Iz re w s ib l 
ymm (th@ seecma waw eoaM niit be realised sinee a l^ p^ drogan 
M&m due to  the l^ roS ysis of Qhrooie ions ims obtalaed ia  
the ^ e in ity  of 1 «40 volts) with « 0*^  volt* A 
p o t^ tla l  of t*0 w i t  was chosen fo r the titra tions#  Both 
d irect (CrCl^ ia  the ee ll) reverse {Kj^ FeC^ y^  in  the e«H) 
titraticaxs were tried  bat only d irect titra tio n s  w«pe 
memsatvl^ In the r ^ r s e  titra tio n s  tbe &xpr&st ecaitimoiii^ 
in o i^ s ^  m  ^ e  additicm of chroaic ehloridd fro@ 
burette and tqtiivalesice point oould not be located*
fhe aaperoBetric titra tic m  betifem chrm ic chloride 
and p o ta ss i^  were carried oat a t  ti#o different
p o t^ tia ls*  The d i r ^ t  tiiam tions were carried m t a t 
1*0 volt while the reverse titra tica is (po^issiua f«rrie3ranide 
in  the eaU) were doiie a t 0*0 volt (since in  t&e ^ s e  of 
potassiiaa f^rricsranid© 1 | s  ^  0*2 volt and a dlffusiim  
c u r r^ t  is  ( ^ a ix ^  for aU  nepitive values of applied 
potential)# Baverse titrati«m s a f t ^  app3^ring a potential 
of 1*0 volt were not successful due to the large residur*** 
cu rr^ t*
fhe r»)R2l t 8 are ^saaarised In tbs M3mrim  tables
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Soltiticms Ip 2 laid > emttai&iiig 0«6 ee« 0,8 eo emd
1 #0 ec respectively 0*1 M GrCOLj is  the p o isro g ra^e  eeU^
m re o b ta lj^  aft®r adaisg i ce gelatiae sad the
re s t supporting e le e te ly te  (0*1 K KCl) so tiiat the tot&l 
volvem 'ma 10 oe*
Table m i l *
Potential applied -  1*0 volt*
Soluticai 1 Solution 2
7ol* of 0*111 Current T<^* of 0*1M Ctoereat 
Kj^ PeCy^
Tesp* BO * 0 ^  e 
Solution 3











1^*5 0 ^ «o 39»0 0*0
20*5 0*2 eo 3 0 ^ 0*t 00
14*0 0*5 00 22*^ 0*2 00















0*85 00 1*5 1*0 00
4#5 0*9 00 1^ 5 00
U1 00 6*5 t#t 00
1#5 00 5*5 1*2 eo
1*8 00 5*0 U65 oo
2*0 00 5*0 2*0 00
(Fig* 2S cwrms 1^2 and 3)
the potass iusi ferricyanide ehroaie ehlOride r^ e tio n  
solutieiis 4 | 5 £Oid 6 emitain 0«€ co^ 0*8 oe 1*0 oe 
OflM CrO^t 1 00 gelatiiie and the rest suppci^iE^ e le o ^ ly ti
( to t ^  mlrn 10 cc)» i ^ l e  fo r the reverse tltrations»  
30ltiti(»s3 8 9 c&stain 0#4 ee^ 0«6 ee 1^0 ee ot
O I^II to ta l wlnoe iias «|d# i^»to fO ee Igr
gelatine eM tiae sopporting e leetro l^e*
Tai>i® x m n #
F o t^ tia l applied -  1 *0 volt fesp* ^  »*►
Seltitiloii 4 3<tiUitl<HB 5 &flbQtlosi 6
?ol* of 0«1M Tol* of O I^K Camoit Wlm of 0*1H (^ Eon*«
0«0 eo 55«0 0«0 ee a5«6 0«0 ee
0 ,2  e c  5f ^  0 4  c e  0 ^  oc
0 4  ec 46 ^  0#4 ee 4§S  ^ 0|5 e«
0«4 ee tf*5 ee 2^*5 0#6
0«45 ee C^ <^ 5 cc 2 ? ^  0«7
0.50  «e |S#0 0*?i© m  4©,0 0^25 ee 2 |^
0*55 cc 44*0 0*75 «e 0 J  ee ‘
0«60 ee 0«S0 ee ^#0 0«9 ee
0 ^  oe 7 5 ^  l«0 ^ « 0  l«0 m  M«0
t a  m  87#0 1.1 cc
«o
1*2 «e 51#©
(fig* 29 ci£m s 4t 5 s2id ^
jm frn
Sctetlcei f  0 Si0.txtlQe 9
Tol* o£ ©«tM Corr^st of 0*fH Carr@at ?ol# of 0*tH G&erm%
CpCI^ CfC2^
ee

















0 ^  <»e 
0«3 #ts 
0 ^  mi 







- f i i s
-  8.5 
- 8 . 5
(F l^ . 30 carves 7
I, £ 1
The resu lts  m  a s p ^ o ^ tr ie  titT a tim s 
elaraale chloride ana potassiua ferro** and teTrtesrsoMm 
anta/tiCBm prowid@ ^30ngh pro&f regarding tim eoe^positim 
&g ^  l^reeipitates otitainM W t l» ir  interaction a t 80®*
As has already lieen pointed m t lioth the eondiic^sQetrle 
and the p e ten tio ^ trie  titra tio n  methods failed  tx> provide 
the required and precise inforsBation ahoiit - ^ i r  ec i^ s itio n i
Th  ^ curves the d irect titrm tion hettft^m chronie 
chloride as^ potasslm  ferrocyaoide are typical in  mtixrtt» 
the current m. decreasing i r i^  the TemmCL of c !s r^ ^  
ions dtie to precipitation of chromic f@rro< r^Bnide»
After cQsplete precipitation the c\3rrent is  a lsost omstant 
due to  the i»»3*redt»ihlity of potassim  ferro<^ranide#
3&0 end points obtained from taie an^eroaetric titra tio n  
curves (Pig# 28* ctirfe 1, 2 and 3) aret
Tol# q£ OftM CrCl, lol* of OflM K,PeCy, Batio
in  the c e n froa the ctBPves t
0«6 cc 0«6 cc Itt
0*8 cc OiS cc 111
l«0 ee 0#95ee l i t
Since the ra tio  Or t FeC^  ^ eotaes out to  he t tt«  
the freshly i^recipitated co@plez w tild ha^ re tiM cos^osititti
A£3p@i*Qit0t^ e tltm tim s  out hetm m
eMtoPlde iBsi ^^tsLsatim ferrlc^aisM# a t 1 ^  volt ^v e  
tdSlmijm  egtilval®ic@ potntsi
mirn of ©*tlf CSPClj m *  of 0*1H K^eqy^ Batio
tn  the c©H tem  tb® eia?ii^ er***sFeQy^”~
0*4 e« t #5 i 1
0 ^  m 0*6 m 1*3 t I
1*0 m  0*75 m  t#3 # l
Ttm m tio  l<Jt1 i^ Eid 1*5il <2o mot provide any informant 
^  of chromie fozriejasid^ alt^ijti^
i t  m y b0 said t£»t a aaEa^ asm^  haviog et^si^ositlcm
Is with chroErf.e Ions adsorlied cai It*
^  of oiarws (Fig» 29t carves 4# 5 aaS 6)
ar@ also aecordiztg to  t!i@ &s:pm S^msiM. ccmditioas cdt Hkm 
tita^ticm s# ¥itli tlJ© rssicmil of chrocalc Isja  tbe mirr@iit 
4#ez^ses M3il scfsdmt&mB ptyiMt has 'b&mk
the imrr^ast tm vm sm  w ith the iaeraase in  o o i^ j^ t io f i
of potassitB ^ ie h  is  redtieibi® fo r a l l
m fative mlsies ^  tlie p o t^ tia l  applied*
!l!he reverse 1^ t 2ati«»a (a t 0#0 volt) provide ^  
foUoirinc ra tio  of ths r^ o ta n ts t
Tol* of O^ IM S^FeC^g 7ol» o f 0*tH ©Pd^ ^^ tlo  
ia  oeU fro® ilje ccrves Cr
O ^ m  M  !*!0*6 ec 0«6 «e 111
l«0 eo 0«S ee I tf «1
-  ^  -
fhe alsoxm ia®Kfcicttied s^sults that fo r tfce 
d ila te  s«5lutl<ms of ^ipcesic chlosrid© the ra tio  
is  111 '^ l e  for tiJ© <K»ae©ati?ated soititloia (1*0 co 
In t^ie qqVO t o  JPatlo coe^s oat to be Wosfemm
t ^  ste i^  ttoe corir© (Fig« 30* &spm 9) is  cruit© 
twm  tto ®  oljtainsd for d ila te  solatiiMss {ctirv&s 7 Mid S)* 
Bmh a b^iai?ioar oib^cKtsljr potots towards tlie fac t timt 
better resu lts cm  fee dbtained in  ttseso titratleans 
tfitto d ila te  solutlom *
Another in t^ festlas point to  be noted in the onrim 
is  ttiat m ine tJie current becc^es ne^tlv© aftfflp 
addition of a l i t t l e  ssaoont of chrocdc chloride* in  order 
to  tz  &m has to take into ct^idem ticaa tlie
ti^toslytic natnre emplBZm t% is  c|uite probaM.©
tim t ehrooic f«eriC3mnide hydrolyses to  gtm  chrtjEde 
h3?droxide ami the nspitive eorrent is  due to  mm  of tim 
(M tmm laresent in  the reacticai a ix tires*  Sei^rate 
© s^rtsca^  pm^ormd in  the lab<s?atca?7 with leffcrs
8) ssd allm li solutions give n a^ tiv e  c n rs^ t a t  6«0 
volt*
^©  pm&lWMty ^  t l^  ^ ta l^ r^ c  ai^£E^)€^tleo ^  
potassim  fsi'roe^iajia^ !w caslc tom  m s^ iM  f ir s ts  
t im  ®3^d»g«c! T# P i n t ^  ilo e m  e t t » )  t l » t
B g  %(3m i n  m M  t t o  ^ » m t i€ S i
of <^ lXi^ aai Prmsim him tram o3MVL
lsfc^?®sftii^ €t®«niBti<m o l^ ss^  e^s» oor®
ttoi ^a maS, it yas in t!i© fifties (t9$3)
tot 0# Cliie* citm) s, Aspc^  ^Cli»c« eit«)
<m3srM, m t  t o ^ s t l s a t lc j r s i  m  tfce M m tliea
1  ^ immi^ Q^tim af pstassttis f^ ?ss3<^sia£3@ !r 
i«M tjgr mrlm^<3m $n tim mUmi^ m
& seffieim t ^ th  tSia® ^  tfc0 
Aeewaing ^ Asp®*^  tlie ©ifoillts^ m 
(FeC^ j^ O)*** ♦ ®* in til# aai^  is shifti^  
tcw3?as tt» 1^  lilt it em %@ preimut^  I5gf taat^ isg tin® 
i^ lstii?©!^  fm% iifwwsiM@ passeess ♦
:: ^ 0  i t  is  t o a
%a mo&sw '^ tb0 g£ d^OTpaedticm ef fsrroqj^^d#
iiil0
Em^mi31&r- also 0 ^ 9  me of tiaio ^ I© t 
W mapmrnmmm witfe CPeC^ ^^ ©)*** la sti^ riag 
^  aoc^as^itioa ^  pot;&9!^« ^m o^osM m  @mS b© fo«s^ 
mMsmm tm st&gmSm tSamt to
(K| ) m& ^bm ^  ♦ Se
^  w%mt t o t  bot^i «&^arUe a»<t s% oli^ipbt*te‘ • \ '
mmp sSii^taiie@iis^« fl^  st^eMoeetx^^
\ \
ip@fietioa pto&ast is  tbe s|»ci@s t ^
p^meSs la  t»o <i) Fecy^'~* ♦
H(^’ ,  Jinfl (ID  ^pa*  ♦ PeOSTg -» PMJTj” "  ♦ H *(^g
Ife^ Of th« r « « t l«  bote«« OrtlU)
pcf^mivm ham hmm ^mmm&  In tbs
p o ^ *  isfiw^b ©vl^ aae© t«m fo r th^ fc  ^ ^
et m <sagipl« m  i« ill m ttm ^m x^m ltim
potetssl^ f  1^  tl^  C^  In
?!ie 3 « ^ lo p a ^  2^  ts^toop & ppm ^ 
v^m. botto W0 <t elra ile ma&
1qi^ « d ilate TOlntlcsiss cf ela?o^t® 
C@Q68Cfilit3?lttlOll li£} lo " ^  mb3ii to
m'imst in potas^m fm'oeir^ aril^  ^ solut^^ ^  m oiom tm t^ 
fCT^ fl (Istd^ it^  tlie cHsleisr b&lsg ®BH©r ultb ^  
fifToc '^mdia# Bt3sM.m €^  ecKiss^toitlm aai 
i®a ^  mmiA,m vm^^m . In tim « fl^
femr ^X£s^ « f^ tb ir  ^fteticn ziot 
tlM T^ mafsm mcsem ttm cdlx9& 2o@@ not flia« «viaii
on t o  IcK^jsr p&eiMB*
^  ni^t€£i@a a mm m^bo&
of ^  4m ^E^^U xm  o t ptmmstm tmegm^mOSm
^^mtis^tmt g€ wm& t^Smst *yl^ eRit thm fiaattloB ®r m
tm eim  B Wm  ^ma#
siM$m mt!& pmlSmismsr m  tim mri&tima
in  0«l>» t i i^  wm tm dertste*
fo  Btmtt f^etlG B m s i t e s i s
ians of emmmtmtimi 2 x ld*%
a X t d * \  a£ia r « a r ^ a ^ a «  cif
a^rcsd iit^l^ M ith  I l i 3 ^
Sp@ldte m iM g m m  m t t r  1 asa 0*25 m
mtlrn tMti/m m. ^  stuOios mse& t i i ^  ^  id.tli mtm i l3 s ^  
m t^ im a  (liotii mad F@€^g"~“5 ^  ta  tlie
pemmx^  o f a sa lt n i^  l^lp o f Im^  Wmtsk
♦SpeetapoAe 20*,
ftm iH of tiis v€Q t^iim idLzter® m9 lOdo foosd to 
fshmgQ %ttli ^tm  tJi© Sjiftoici^ of tim jFW^g'
m tio  «m p : ^ 8  also
L I ,.rA & I& ,I ,,IX 4 J ^
asA pe n m  laa^
elsfcH^e dhaoriit @o!totiim* Siiaeo A^» 9»@pls ^  
^ o o ie  i^Icrido m s ^  iK po^^iits
^«r© p®rf03ps@«l fgiiM ebfOBte s i a ^ ^  tlio
8^p@ng^ Of ^  CrCili) ^ u t ia u a  ma?e dot^mlaed I r  tbe
@etlM p r^ v to e^ #  P o ^ ^ tm  fam i^Pi^ao
m » wempmd W ^  A«E« ms^ti^ ^
•  •
d@^i«@tod ana m s wlm9& 
In mlmmA h^lrn&m M m stxm  mHpliiiti 
(#*1M) m s pt^ pis^ 9& ^S£NiIin2is a toc i^m ^  tl»
pw® In a i s t i i i ^  m ^rn
H P
l!tm fdllm tim  m t of w$3s$:mm m m  peepmAu 
B@% t  ^ 0 ^  m§ 0«4 mt 0»S m, M  t»5 m mad z m ^
0*11 ard  ^imm B 0*IH ^  P^^ 5a»
HE^ 10 imrn
s«t n  • 10 ^  <3^ 4 * 10*^, € X id* ,^ 8 * 1©*^ # t * i r  ^
^  f«a X 1#*% sid^te sd:i9d 2 llf^
S«t m  -  I© e© ^  I X lo”^, 4 X ttf^, 6 » 10**, 8 * 1<r*
•*■3'md I X 10 M iio^s^isi L^se^  %rith 2 o«r
to“^  etmiMQ
mt If  •  S© tfe« sdiztsu^ Isi^  I «  ear 10*^
sM fO*% p^ i^ssdm tO m
e€ tO*^ , 8 * 1^# I X fcT^ t l#2 * fliii l«4 s ICT% 
a^O^  vm  aaidted*
Bckp |S  iK»3ffitJUm c^talaei Igr
.^me 2 cc. 3 ee, 4 5 e«, 6 «c_  ^10-«H Crd, to
f t  17 ««# 15 ^  «aJ l4  10 H

-  1C0 •
1 si^tlosas of ^ '^ 5  imiges?
ignrtiBHP 0^1^ asm  f i l t s r  Ha» 1 ^ ith  0*25 m
wm m$6rn W  mtm, ttx  I f  tl^mrmUicm mam 
mde ftt 456 m  M b  m8. B o ^  •ipeetrooic 2(^« Sl» 
W0m ma 35^c • pH @s(imisnaits ym^ msAe v ith
help of S f^eWBi P0 tmtov ^  UsM. 1»
708«I^ 9m  reoGT^^ in  the toUmSm  tids^ UMi
w m m tM
in  o f j^ef^sstm
fw o e yant^e vitSi tln^*
m*tra?^s I t  2n 3, 4, 5 6 eooteift 2 x tcT^i 4 * ld*^|
€ X lO '^i 8 * 10*^1 t#5 X IcT® tM 2  X %<T  ^ OiKSL^  la
8 X 10*^
0*3« 0 ^ #  0*D* _ iMNi .





























































•  104 •
ia  0*D  ^ chroEdc su: 
sixismm  i^ltb ttsie
m m u
fOx^ana 1« 2* 3« 4 vid $ eesitoln 2.5 z 10* |^  3>3 z  tO ~\ 
5 * 10^1 6.6 z 10*^1 8 J  X to"^ and tO“^  In




























( P is . 31 }

* 105-
wM m m  t t e  lSsm £e  a ltai »ta IS » it|
iSbEto^ f ft 2n 3* 4 m& 5 coe^ qIii a«5 * td^ | > x 10*%






































< H g . 33 )
w & rnm m im
potas'r.li'n.
atsfte®  w6sSM $^ of
imstrnoB 1, 2 , 3 t 4 s»£l 5 isoe^ola 5»0 x fO*^| 6#^ * lO ^i 
X td^l I X 10*^  ms. UI7 3c 10*% ^
C€»i»@Dtemma3 of |)O taa i^  tmofsmiMm m i (^tmaSm 
m i^ t d  &s  ^ S«3 ae «cT^i iM th@ orlgiiMa
0*S* 0 ^ .  0 ^ ,
..........J — i M a t .  g
m  » 0^120 o ^ tif  0*115 o* itc
" « 0 .f2 | CWISI C *ttf 0,116
0.123 C.122 0.118




(McrM9 p o ^ s t o  
^tetsr©@ w i'^  t$m*
l » 2» 3p 4 @nS 5 pi7< i^tr«dt 2
I, 4  <^p 5 €K5 tta i 6 €^ i*f 10*% to  18 <^t ®®§




^Wssm  tb© iw W
^ 106 T.
Thd experla»£it&l ot^erm tioos <m iSm 'viiTiatlotis in  
0«P» of CrCiil) potassim  ferroQra&ide six'^ aofes to 
fotlm ing  eoiKslmionst
it)  the G^itSSy t<mQeymd,de r^ e tio »  is  hoth
♦♦♦OB 3^® ©oneentratioii of Cr m& {flgs» 31, 32
ana 33).
( i t )  v itii eoQceiitxmted so2.T2tlaas of the r e a c ^ ts  
10*^ M aaa Feqy  ^ IfT^f -  Fig. 3D tbe 0^* mXmB 
a?e maeh higher than tmc d ilu te solutlcm (Fig. 32).
( i i i )  tile range of mriati<m in  OJ>m toir soltations 
containing f i s ^  m om t of potassius f  errocyanide astl 
varsriag aaoants of chrceiio sulphate is  larger t^ Men for tl»  
soluticsia ( ^ ta in ii^  fissed asKTunt of chrcaaic s i i l ^ t e  and 
varying a^aimts of potassiim fe rro c^ ^ d e  (Figs. 32 ahd 33 
and alis» Figs. 36 tfad 37).
(iv) addition of ta?aces of (tc T ^  to 10*^ M)
appreciably redmas the 04># (Fig^ 34)#
Cn the hasis of the ahove m^ticaied facta, the 
r^eti<m  tmr be asavm&SL to  talce the following ec^irse.
«» «»
(1) a e ^  ^  ♦ OKCHJ"^
(U ) {KsCSTji^ O)"” ♦ dr** '^
t&WsmA I r  ^  m ta3 ^ ln  a#oo^ositim  of p c ^s^m  
fw srw m iae
( i i l )  (Men)** ♦ 2 F«c^g'*“ -  3 “ a c ^ ^ n ^ o )  ♦ GKOil
i M  ♦ a  i^o  ^  ^ c b ”  -r 2 acn ♦ 2 o i
Ci} is  a i^ Lsm mmatim 
tli® &msemtmtim of oa?^ m i 
iMI® f^ sacrtioB Cli) ts  a fast r« a c tt»  tlis
CiM) tJs« of
Igr t l »  m t t c n  G rC ® '* ^  ^ i c ^ a  fe® ig sm
mmmitmtX<m of • stiae^ tti# ^©rSattcoa
aire l@@s i^om ts of pelait^iiss
(Hgtt ^ )p  till® ^ lo f^  Ide slm w
t t e  ^  (i}«
CM f3ae$ to t ^  of
pot& sste Bissm £€H is  ^  peodw^ <£
^  m4 mti&t$jim In  1^  1m
d ^ n a tm t upon tli@ mmmsOsmtim of 
f6ds I0 vimt tm& ^  m^MUtxm
1»moB$m pno9na<^ n itli tM  ^mipmm in  ^  fsttis
•  If© «
^  o» g i dhooM %»& <!oe^j^«ti992|r »b21* 
l3  t ^  mim3Jij Q r^nmsAm Bar memp'^  tli@ 
po ^ is 9 s  al% ^ t4  tioisrd for 0«2 9»t
^  ^Gsi 0 ^  CQ icT% qpo^  la  1© «« fcr%
<^t&a mXwm as ot «k»xi^  nM r)
w ®  ^95» 7^ 0m
Hi@ ^  d@«3@p3@i%i€3ii af
F®C^  W  ^  t ^ e  ItB^s «i®i>©rt in  tto®w
f * @ n t i l t s  m  ^  e o p p o s i t i m  o f  e l i r a i l e  f O T t s e p g i S d e
(|)&^ 4a>«
m m k m m  m  m w m m  
m uBm m  VBmomimM
XX
-  I lf  •
Anotl^r rakctioa eo m l4 ^^^  modest 1»8»
f ^ i l i ^  @0ta l  e<^ X@3ces is  tb& formaticm
of f^ PTOcgraaaicl© Is^  the int@Baetlaa of 1i«?ylligs
sa lts  ^ t h  f&iroe:^ waiAem MtBTmoes m  th is
0cmpmD& &r@ rarely m t w lthis Ifee R ee^tl^
we m m  aeross & reference m  the e s tiaa tia s  &t bersrillia 
ferrosysu3id@ (Miss Km 2atsbtf Froeeedi»gs 47tb 899sim 
IMlasi Selenee Congress Assoeiation A ttra c ts « ^ t  HI»
Pm t9 l) vh0re r ^ « t im  asa»ia&d to ^  siM^le
^»iagii for tise isdtisfeet estismtitm of l»77llii]a tilx a tii^  
tbs emeaa of potassicsa fexroc^^ani^e a f t ^  is?6eipi^tiz^ 
betx^llic^ as Ijery lliia  ferrocysnid©* Ctep ^Ep^i^iee sb m  
that tbs r«»etiG» is  m t so sisiple as to 'bs satis* 
fae tc rily  m@& for i$x& sstim tio ii hesefmm  i s  solstioos* 
On tbs other hassA^  tha 7^eti<m  is  sashrotadscl a 
i8@her of oo@pXesitis3 vhioh sbTuXoi ho takm  Into aeetmnt 
vhiXe sti^iyiBg it#
PrsIiisiaaTSr mp&Timmts revm l the fol^owine faetsi 
( i)  idaen d ilu te  soluticms of beryllitai ehlorids and 
potassiua fsFroesraaide are laixed, a hlue colour develc^ 
in  a fmi a im tesf a tisrM dity appears a fte r top ing  for 
four to five hoiirs; Cii) m  inereaaiag the ^  of the 
heryXlifSi ^ la tio o s  (^ust before the p reeip ita tim  of the 
oside sets i&t 4«5) a Wxm eoloor develops tMxcmg^ i t  
ta ^ s  a l i t t l e  siore tia e  to do so| ( i i i )  d ilu te  solsttiCBis
a t a tesi^a to y a  ^  s i ^  a ^ t e
pr@eipltat$ al^oist aXthcm^ taroisli&a
iim rlaW ^ ylth  a ^eem eolmsr (turning to W.m <m hrn^M  
f m  msste l^iazi t^ ^ s tr  aizaites s t  tM s t^stperat^res)
(iv) cm al4£t^ GOHDG33t?ated solutiozi oi
} m/5} to iiotassitM fm r^oe^ yanide scHutim 
ppseipltaticm s«ts ®ir® a t the room tm pem tste^
CmBl^mSm the abow lnt®?®sting faeta aboat 
the rm etim if I t  m s th o a ^  to  mery oat a
d e c ile s  study of th0 prolilem* fh@ foUo^isg aspects 
c£ tbe proMe© stoSledl ( i)  sp^etrophotisraetrle sMsr 
of the blue pcroduot fomod on aisiisg the reaeta&ts aad 
Cii) c^n^liietoiietrie and msperoeetrie studies for 
©liicldatlcm of co s^ sitlo a  of farro^r®»i^e«
m m m i m
i,XI^.&.lLl,&iI„E,XA.,l8
i m a s m
^le chloride ^Inticm  vas s ta in ed
i^diiiig oaloidated anomt of b^roehX<^o add  to a 
%i®lgh©d amfseat lje3?ylllm oseida« After heatii^ , the 
s^essltiisg aolntloa iias f ilt« 7 ^ «  k smXl particii cC i t
^ 113 •
m s th@s as B@0« soltiticsm y&ee
to  a^^oid l)^s*o3.73is«
4 cos3C€33ttet9d solution vm  li^ ^ s m l‘9^ 3^ ^
recfystolllaed saapl© Sm aoi:^© d i s t i l l ^  m%m* a»l tba 
stpea^jtfe d®tarsdn©d l|f tlta*atii^ ap d m t pistftssSisi
o f ^ m m  str®nglJh* fl:m soXitticm m s  storoS  
In te*k colotip^ Iscsttle*
W  ^etx^plioto@et€sr was upsd for tlie 
aea3we®eiits« fh# <s9ll m s % m  emt^ as m il m6i tbts 
lig h t s(»tree m s a tiasgsten 'ismpm
MMaeptlm. 'me® p®pfor®®a aftev w$xim
0«2 cc, -  tS ^ §  2*0 ee of IO*^ M Be€^
wiiai 10,0 ee ^  IO*^ H K^Fe^r^p aaldi^ ^  to ta l woJan® 
l a ^  ee in  eeeh eas®* For cm perfeictilar startwe ti»  
absorptim  ym  for m aisiber eS m m  l ^ i g ^
(between $50 mi m& $00 wrn)m Xt m s obsiorved tliat iritli 
inor^sitig  \mve length ttm absorption mlmM go m  
deereasing* At 3 ^  a» i t  Mas h ip e s t Mtieb so t ^ t  
vi*^ ai3^i£r^ eocitaining large px 3^f>ortiQns of bcar^lltmt 
tibe 0»D« m s n^iraboot 2« naire l ^ i g ^  fmai& «id.table 
to  \^rk  v i t t  ipere in  the region kOO sm ^  50Q an« ttm 
a t^ rp tim  vsCbim a t  k$0 m  mad ^  ma for aiartares kef t  
o i^m isht vere as f^Xlm st
- m -
laULe ! •
0«2 00 OJk eo 0*6 00 0 ^  00 1«0 o<
00 It4  00 1«6 CO t«S 2t0s<
0*^ 0*00 0,fO 0.S® e#90
1»CS i« ia 1.23 I.3S 1*70
0*3t5 o«4oe 0,37 0*47 0.42
0 * ^ 0,53 ©•^ 0*^7 0*?8
701, <a tO"®M BeCU
i^© a ta  t o <!G ™
0«B# a t  4 ^  1^
0«D* a t 506
Mtoi tb0 abow table i t  is  e ? id ^ t th a t tbs 0«D* 
v a l^ s  ias?@asa ¥i1^ the in c i^ sd  ia  eom«ntamtii»i ef 
B e^t althcmgh izragadLarltar m s observed in  e irta ia  earn*  
Tliia w  be due to  tbe turbidity  a i^ a risg  in  atxt^ora 
on loaapi!^  om nigtit *
Sima i t  took som tia e  fo r bXua mo^am to 
d«va3op tbe w la tio o s  Sm 0«D# fo r tlirea d i f f « r ^  so2»ti€»8(
(I) ©t5 ©Of (a) 0*7 ««• O) ®*9 ec ^  10*"^ fiaCI  ^ ia  10 ea
tCT^ M K .F ^  (to ta l VDlaaa aada uplaa t t  ce> a t d iffw m t# o




Wavelesigtii 0*P. 0*D* OJ).
1._ 5j3luMc^ 2 Soim.mi 3
3*45 p«m*
M  « 
4 ^0  
4«4G

















































































fb® s o lt it io n s  w ere laiSEed a t 3 .3 0  p .a .  
( Fig. 38 )
IRm  addlticm of a f a i r ly  concentrated solutlcai
Ixriags atKmt the decoaposition of potassiiim f©proc^?anide
resulting la  the deveXops^t of a blu© coIoiie’ Ctl^ int^asity
"belnc lauch lessor than in  the ppesence of bery lllm  Ions) ^
i t  %«is deesied necessary to  carry out absorptioo fiSEperia^ts
in  presence of fccsrdrochlctic acid a lso . The tiiree solwticaas
vm& w re  (1) 0.5 cc, (2) 0.7 cc, (3) 0.9 cc of 10*^ M Hd 
-^'1in  10 cc of 10 K^FeC^g. The to ta l volwrn 











































The sol“uticms wera mixed a t tI  iS A#M«
(Fig* 39 )
In  tha ppelialnary eatp^isdats i t  \ms fcm& I te t
in  s  iarg« mmltor of tsaam the OWD* in e i^ ses  \iflth increasd
in  tte  ccmcenti^tlcaj of B e^ for Edztwos kept ovea?nisht»
fli Is&ve a sore px*ecise idea of tho influence of tbe
careentratlcm of Be E^^Bpeosnts tmd® a t diffepent
tlE^ intervals <50 minut®»# 1  ^ hours and 2 hojrs) for five
d iffa m it concentration of ttio beiylliisi ions in  the
siarttare (0.1 ccg 0*3 cc, 0.5 cc, 0*7 cc, 0.9 cc 10*^ 11 BeCl




x a „ i a L , ..j j i . JJtl___ Li
50 sinutos 400 smi 0.05 0.286 0.53 0.84 1.05
450 « 0.037
0.104
0.15 0.20 0.28 0.31
1i hours 400 ** 
450 *»
0.41 0.70 1.12 1.30
0.05 0.194 0.28 0.365 0.42
2 hours 4 ^  « 0.118 0.77 0 .^ 1*42 ^•Z
ifeSP ..... ...m Of??
m ^ m
Til© appearance of blue colofur tn  the slightly  acidic 
soltitloi© of potasslu® ferrocytaxlde In presoiKse of 
aaomts of beryllitam ions C8 x 10"% to 1 «6 z 10*^!) aay 
1)0 due to the d eca i^sltio n  of potassitsa ferrocyanlde and 
sul33©qu(sit fc»?iaatleai of Prussian blue* I t  is  quit© probable 
that bepylliua ions cataljrjjlcaHy deccJKipose the potaosSwi 
farrocyanide In ^ust the mm  as obsewed by Pinter 
(loc* cit*) fop th© Hg la is  in slig h tly  acidic solution, 
according to l^ ie following ©quotiont
8 F®Cy^ "** ♦ 28 ♦ 0  ^ 9 i^(Pe(PeC^) ^ 2t^  ^ 2 E^O.
The mochaidJB givm bsr h is and the series of reaction put 
fcarward youlri take the follov/Jn^ fora for B© <IIg replace* 
by in  his original seh^©)i
9 1?
( t )  F © C y ^  P e  ♦  6  C H
(2) 2 CU” ♦ B©^'*’ ^  Be(ai)2
O) 2 Fe^ ♦ Og i± Fe*^-»-0-+-0— p©'^ ’*‘
(4) •  0 -  0 -* Fe*  ^ 211^  ^  2 P e^  *♦ 0 t  i^O
<5) 2 ♦ 0 -  0 -  
(6> F©*^  -  0 •  ^  2 it ^  2Fe^ '*‘ 4 ^ 0
<7) Fecyg****** ♦ e’*’ ^  E(F©(P©cy^ ))
<8> DeCClDg + 2lf Do + 2
Some c<xifinaQtion regardlns the role of B©"^  on tt'i© 
deccaaposltion of potassIm  ferroj^fsnid© any be found m  the 
basis of spectrophotoaetric studies. Tte variations in the
of tfc© various aiztOTos wilSi time Isping out t^ o^ 
impcrtaat facts re®ar<ling the nature of the reaction* These 
are ( i)  decoaposltiaa of potassim  ferrocyanide is  a slow 
procoss and takes place wit^ a definite velocity sx3H ( ii)  
the reaction is  dependent upcm t^e ocmcentration of 
hery lllm  ions, being faster a t hl^OT concentration of 
beryllitM  ions* Fig* 38 i t  can also be seen timt a
!]eeak in  the tiiae absorption curve occurs a fte r a certain 
tJae (about 80 minutes) • The behaviour is  rather signif icait 
an3 points towards tii© fac t that altogether different 
reactions take place in the early sta tes and thereafter* 
Pliptl^r support to th is vieytpoint is forthocsaing isih^ curves 
are dKim bet^en  concentration of bery llim  i<ms and 0*D* 
afte r 50 minutes, 90 minutes and 120 einutes respectively 
(Fig*40) • I t  w ill be seen free tha eorves that beryllium 
ions exert a cataly tic inflm nce upto a period of 90 almttes 
fbm Irregular behaviour seen in  the curve for tuo hours qo 
to  prove that s(®e sort of interacticai l^tueen beryllium 
and tiie ferrocyaniie is  also takinc place along with the 
d#cooposition of potassiua ferrocyanide*
A eoEi|»ratlve study of the hydrog«m aaad berylliua 
ion shms that the absorption in  presence of l^ roch lo ric  
acid is  mich less tiian in  japesence of berylliim  
chloride solution \?hich is  weakly acidic (vide !Kible I I I ,  
Fig* 39)# Apparently these observations rule out the 
possib ility  of hydrogen icms alone in  bringing about the 
e!ia&ge in  the potassium ferrocyanide solution containing
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feerylliiM loaas* So©© other factors, hamv&Tg sma to 
pls^ tm important role hor©# I t  is  qialte likely  tbat the 
t^ r o g ^  Icaas, derived froa the hy^arolysls of berylH«a 
salt» coabinad '^ *1  ^ the slo^i agsregation of colloidal 
bersrllit® liytlrosid€ particles as -well as th© presmc® 
of potassiiaa ferroc;?®nclde \d.th their capacity for str<mg 
adsorption slight be to  a g r ^ t  ezteRt responsihl© for the 
4@9@34^ pi^nt of blT^ colour fro® th© slotr aeconpositioa of 
t^roferrooyanic acid sol\iti<m* Tbs Prussian blti© 
formed is  liksSy to be adsorbod t!^  various sol particles 
of gpowins aijBet ^^eh  taosmme optdeal d^isitgr of 
tlw s o lu ti^  o^?er that of solutions contaiJtliig only HCl#
F im lly , th© spectropl^tometric studios also go to 
that the inaction can best bo studied a t 450 m  md 
there exists a possibilitjr of the r€«Kstion 1» be tased as 
a laicro to st for the detection of beryHitea icaia#
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Ibe doi^ttctivitsr aeasnrea^ts vere cairied out "fc^ 
a ¥.T*M* conductivity l3ridge with a dip type coi^ucti'^ity 
eell* The bery lllm  ehlorid© solution i*as n e u tra lis t 
v itii a fmr drops of strong caustic socla soluticm to 
increase th© pH of the solution (pH 4*5)* Wit^ concentrated 
80ln ti0£is of the roactsmts a ^ihlte precipitate 
obtained even a t the roon tenperature, Uie supematont 
liquid having a sligh t greenish colour# This colour 
beciMe d a r te  with time and with izKireasing toaperature*
The titra tio n s  were carried out with different 
concentraticms of the reactants a t 30°} 60® as^ BO® • 
Titaratioos ¥ ith  K^FeC^^  in  the ceU igQVQ not successful, 
7oluae correction (Dairies “The conductivity of the solutions' 
and Taylor **A t r ^ t t s e  of pb^sical c l^ is try ” chapter U II) 
«&s made where necessary, multiplying the observed 
Conductance W the factor 7 ^ v f uliez^ 7 3ref«ors to  the 
volume of the re a c l^ ts  originally taken in  the ceilp 
and V is  the volme added ^
3 jti-! liiT'
-  I2 t -
Ifebl© 7*
BeCl^  -  10 cc of 1^2 f 10 cc of 1^ /5% 9 cc I|/5 t  1 ce 
alcohol M&re talcsn In the cell* Th©s« are designated as 
solutions A» Bt C in  the tables*
Titratlcxis were carried out aiiainst n/5 K^ FeCjr^  
a t 30 4- 0.1 ®C*
Vol. H 5^ Solution A Solution B Solutim  C
CoTK!i2Ctffiico Corrected Confluctaiico Corrected Goz l^uctance Corrod
* ^ X 10-2nhO3 C°^«otancj ,o-2nhoo Contaotanoo^ lO-^nlios
0 c c 4*8 4*8 2.1 2*1 1*52 1*^
2 c c 5*0 6.0 2*88 3*45 2.28 2.73
4 CO 5.6 7.74 4*6 6.40 3*64 5.096 Cc 6.35 10.16 6.<B 9*73 5*12 8*09
8 cc 6.9 12.Aa l : T 14*25 6.44 11*^10 cc 7*1 14.2 13*8 8*00 16.0012.CC 7*6 16.72 10.78 23*71 9*24 20.3314 cc 7.6 18.24 12*05 28*92 11.04 26.49
16 cc 7.9 20.54 13*82 U f , 12.31 32.0018 cc 22.96 15*12 13*4 37.63
44.7620 cc 8 3 24.9, I f  .22 51 *66 1 4 .^22 cc 8 ^ 26.84
(F1e» 41 curves 1» 2 , 3.)
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®able VI*
2© cc iVtOOO in  the co llt 20 cc 11/500 in  the c©llf
1^100 n/hOQ
add©d trm  tiie burette TeQD.60 » 0»1^ C added troQ the^burette
Teap. ^ C .1 ° C
?ol* of !>^ 1€K) Cc»K2uctaiice 7ol* of I^KX) Corsjluctanee Cksrrccted
_______X ICT^toa _X t0"^ M3O3
0*0 ee 3*0 0*0 t«0 1*0
OJ*^  cc 3.0 1.0 1*47 t.62
0*8 ©c 3.3 2.0 2.37
t «2 cc 3.6 3.0 3.59
t .6 c c  4.0 4.0 3.61 5.05
2.0 cc 4.5 5*0 4.5 6.75
2.4 cc 4.7 6*0 5.33 8.53
2.8 ec 4.15 7.0 6.1 10.37
3.2 cc 5.45 8.0 7.0 12.6
3.6 cc 5.8 9*0 7.6 14.44
4.0 cc 6,10 lOdO 8.23 16.46
4.4 cc 6.4
4.8 ec 7.1
(Pig, 42Af cxirve 5| Fig, 423, curve 4)
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Table VXI*
20 ce BeCl In tfce c g H |  20 cc 1000© In tbo c e lll
IC/10 K^PeCy  ^ ^  IV100 E^FeCy^
iKSded froB the M trette added from the burette*
7o%» of t0Q  Cooductane® 7ol, of 11/100 CcmaTactance





















3<  ^ ce 5.9
3.6 cc 6.53
4.0 cs 7*23
4.4 cc L o5
4.8 cc 3.72
{Fig* 42A <mrv© 6| ?lg* 42 B car?© 7)
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rm B  nixm
20 cc I^ 5CX) In the ce lli li/%QO K.FeQsr^  from the lyarette, ^
* 6 im ?« ffi? i  Saifs
7ol* of IV^ tOO K,FeCy CtoodtKstance Corrected coEductance
_ _________________________________ ^0*^  a t e _________________________________ _______
0#0 ec
1*0 cc 
2*0 cc li3*0 cc 5*0
4*0 cc 5*55




f  0*0 ce








{ Fie# 42 A* cm»v@ 8 )
^125 -
The €U!ipero£2s tr lc  studies ifer© carried out a t 80®C, 
stncm the reacticMi -aitii d ilu te  solution is  <Ki1y possible 
a t higher te i^ ^ to p o *
Those sttidies p res^ted  a naaber of problaas# 
F irs tly , the bery llim  chloride solution could not be 
used; socoDd3.y, a suitable si^pOTting electrolyte \ms to 
be foimd out bi^anae i t  vas not possible to r^et a 
as reported in  the lite ra tu re  (V» Eeiaula and Ilichallsld., 
collections CscKSliosolov# Cheoi* Ccia^iias#, 1933, ^  436)
¥ ith  l!»iylliiffl nitiQ te vjf.thout adding a suitable supporting 
electrolyte} a suitable reference electrode had to be 
selected iii place of ti:^ calcoel electrode to  work a t 
80®0# A detailed study v.^ as, tlsereforc, un^3ertsd£ .^ to 
find out optlMim ccmditiofis uau^ -wliich beryllium loss 
tfould give a well defined vave*
The masurcments vere carried out ^ t h  a Fisher 
Sleedroj^e in conjimcticsa irith a multiflex ^Ivanometer 
type The electrodes employed ^ere saturated
calcMel Electrode (Fibre and dip types) and the mrcury 
SM3o3,» Hitrogen gas purified after passing throush 
chromous chloride and allsaline pyragallol was used for
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aaiatainlng the inert atj!iosphes*e*
Ber^llltsa n itra te  solution was pre^u?ea lay diluting 
about 6 cc of A^* staple in  250 cc m te r, tml i ts
det«n3ii30&a gravlE^rfcrlcally aTtor wl^hixtg as 
B©0# Tho strm gth m s fotind to  be C«t54H#
Ihe poljarogmpl^ of I)0ryllii3a was dom vmder the 
foll<R#iag c^sidltlcm^
(i)  0*5 ec of 0.154^  ^ 3e(lJ0^)^ -► 1 cc gelatine (0,01^),
to ta l volume aade upto 20 cc a fte r tha addltlcai of yater# 
( i l )  0»5 cc ^ 1 cc meHiylred (0*01^),
to ta l volvms aatle xipto 20 cc with satarated CaCl^ *
( i l l )  A s(ll) above tsit %d.thot2t EiD^lre<l*
Clv) As ( i l l )  above with GaCl^  saturated I d 0#1M Hd as 
the supporting ©lectrol^te*
(v) 0«5 cc of BedlO^)  ^ + 1 cc gelatins ( 0 ^ ^ ,
to ta l volume aad© upto 20 cc v lth  KCIO^  solution la  HCl* 
<vi) 0*5 cc of 0.15414 1 cc gelatine (0*01 il),
to ta l voIub;^  mde vipixf 20 cc with 0#1M KC10^ «
(vU) 0.5 cc of 0.1541! BeClg ♦ 1 cc gelatine (0.01;^^ 
to ta l voluQ© aad© upto 20 cc with 0*1 M EGlOj.
(vU l) 0.5 cc of 0.15^! BeCno )^  ^ ♦ i cc gelatine (0.01,^), 
to ta l volme mde upto 20 cc iidth 0.1M KGIO .^ MeasupaieDts 
tNere sad© -yith dip type calosacl electiwde a t 80®C.
(is ) As above but with the ia.erc\ary pool.
The current was measured a t 2 x sonstivityf 
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0,0 0.0 2.5 ?*S -  2.250*20 mm m - 4*0 2.0
0.40 m 5.6 3.75
0,60 m . 5.75 4.75
0.60 «> m 7.75 5.75
1*00 1.0 11«0 10.0
1.10 2^5 m- 14.0
1.20 m H .5 18.0
1.30 • 21.75
1.40 2^5 4.5 18.5 25.0
1.50 4.0 7*0 20.5 28.5
1.60 11.5 20.0 22.5 35.5
1.65 25.0 31.5 «■» 44.0
1.70 46.0 37.5 24.5 61.5
63.0 46.0 25.0 105.01 ^
66.0 54.5 25.0 1 ^ .0
iS $ 70.0 59*25 26.5 265.0
1*90 n .o 65.25 27.5 400.0
1.95 80.0 75.0 28.5 500.0
2.00 100.0 94.5 29.5 560.0
2.1 • -» 37.0
2.2 — 40.0 m
2.4 m 49.5 m
(Fig. 43 B, curvos 5f 6, 7t 8)
With ( i)  m  vme was o b ta ii^  (Fig* 43 A) while far
( i i )  t te  variations in tte  ciirrGnt were too sm ll to give 
mkvo* tteder condition ( i i i )  an irreversible yave wlt^ 
s  t«44 (cttrv© 2) yas obtained, th is w s probably a»8 
t€fc the b^tlrog®! i»ye« A s io ila r behaviour m s obaerwd 
v ith  the mixture of CaC2^  and IICI (ciirve 31 irreversible 
\mve S | at 1«44)« Fot (v) t\jo laaves Mere obtained (cmrv© 4), 
t te  f ir s t  being aa irreversib le one ’^ ith  * t*48 \M le 
second ^ v e  was reversible ~
1f82« For (vl) « ily  one \^ve (reversible -  l«7^) 
«as obtained (ctarve 5)* Witli BeCl^  using KCIO^  as the 
stip|x»*ting electrolyte no well d e fin e  wave m s r e a l i s t
polarogram a t 80®, using the dip type electrode, 
gave two i l l  defined imvesCcurve 7* S | -  1 and E; s  1 *75)
with tl® serctiry pool a well defined reversible 
wave with S | « 1»85 (1*80 with respect to saturated calo«»l 
electrode) was realised (curve 8)*
The polarographic s ti^ ies  given above provided the 
atcessary inforsation regard ij^  the coiistant potential to 
t»  applied In the aaperooetric titra tions*  I t  m s infenred 
that the suitable potential to be applied should in  the 
v icin ity  of 1 #90 volts and the aercury pool should be used
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as the otiier ©lecieat* Also 0#1M EdO^ solati<m should 
used as the suppc^Ptlng eloctrolytc and geSatine as the 
msdmm suppi^sscsr* Tltefcatioiis -^ro p e rfo n ^  %dth BeCno^ )^  
in  t!^  c e ll (diroct) as well as in  the cell
(revorso)* Sine© in t!^  d irect titra tio n s  the current 
gees on contimKJusly increasiriS» i t  «as not possible to 
Iccato the null point* Qn2y mo set reeding «ss t i t a i  
in  th is case. le tte r  reaults ^ re*  hoover^ obtained with 
the reverse titra ti< ^ *  fhe electrolyte solution 
dlljited to 20 cc with potass iaa chlcs’a l solution and 1 cc 
of gelatine curreiit was anisured a t  2 z i^amtivityd tTbe 
observations are given in  the rollowing tables
Direct titra tic sisi BeCllO.) and K.TeGy, 0*6 cc of^ 2  % 6
0*154li BedTO )^^  taken in  ths cell} to ta l voltaa» aade upto 
20 6C with 0*1M KCIO^  and t cc gelatim * 0*1 M K^ PeCy^  
added fro® the borette.
fi^XBitial applied •  1*85 voltsj Temp* 80 -  0*1
Table XI*
7ol* of K^PeCy  ^ in  Cse -  O.Oj 0*11 0«2j 0*4| 0*6| 0.7| 0*9|
U 0| 1*2} n 5 | 2*0| 2*2| 2*4| 2^0} 
3^1  3 .5 .
OGTTmt -30.0 | 35.Of 41.5j 58.5 | 79.Of 9»0|
120.0| I27*5| t ^ .0 j  iao.O| 205.0} 
210.0J 225.0} 270.0} 275} 280.
{ P ig . 44)
t i t r a t i c m s f  B © < H O ^ ) g  a n d  
0m2 cc, C#4 ce, 0#6 cc of 0«tM K^ PeCjr^  in  tt^  e e llf
mde i^to  20 ec ifith  th© sD^portlng electrolyte 
(0,^1! KClOj) aiid 1 ce gelatlm * 0^ 1514 added fjpoa
the burette*
TmWjB Xtl*
?o l. of 0*1^ 
BeClK J^g
Soluticm 1 
(0*2 cc* 0*1 M 
K^FeCy^  )
ctiryent
Soltiticm 2 Solotltm 3




0*0 CO 15.0 7 ^
0.05 ec ^ .5
0.10 cc 41.5 7C 0
0.15 cc 33.0 m .
0.20 ec 28.0 74^
0.25 oc 29.0 77.0
0.30 cc 30.0 76«5
0.35 cc 30.0 80,5
0.40 cc 30.0 81*0
0 .45 cc B6J>
0.50 cc 31.0 88.5
0.60 cc 32.5 85.0
0.70 cc 110.0
o.no cc 33*5 103.0
0.90 cc 110.0
1.00 cc 34^5 121.0
f .10 cc m 110.5

















CFig* 45f curw 1, 2 , 3)#
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.
Direct coalttstoeKitric titra tim s  restilts  are 
in  the following tablest





irm  the Qvar^
30 ♦ 0,1 C, 
^ t io
10 ©e
to  cc !V5
9 cc ly  5 -  1 cc 
a lc c ^ l
13 cc W5
10 cc ! l/5
9 cc







20 cc W m  
20 cc iVlOO
Trnapm 60 +  0 * 1  ® C *
2 cc aM 3#9 cc J t^OO 1*1 and 111.95
(curve 4)
4 cc and 8*0 cc iVlOO t i t  and 1i2
(curve 5) 
111 ana 1i2*1 
(curve 6)
2 cc and 4,2 cc iViO
20 cc 1^1000 
20 cc M/500
80 ♦ ©♦I^ C*
1,9 cc and 3.9 cc I t^OO 
4 cc ond 8*0 cc M/^ OO
t.05i1 & 1*1.95
(curve 7) 
l i t  ana 1s2
(cirve 8)
Direct titra tio n s  with coi«eatrated soluticms of the 
reactants (M/2 ax^ d M/5) give the ra tio  2 it as i?ell as 1*1 
f<sr Be^iFeCyg*"**"# I t  would man the fornation of ti?o 
ccffiiplexes having t^e formula Be^ PeGy^  and S^ BOFeOyg.
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Since tbs appearesnce of the whit© precipitate a t vom 
cm, mixing beryllium chloride and potassium 
ferrocjraijide takes sooe timen i t  is  quite posoible thjat 
the coopOQtid B^FeCy^ Is fosmd ^ t h  ^ 2  fioluticsi vtille 
tl»  coB^lex K2Bii'^ 3yg Is fowiSBd with the rocpe d ilute 
solution (1^5) •
oTitrations carried out a t t^ip«%tiares 60 and 
BfP give tm  ijrealES (curves 4 to 8)* Prai! ttiese i t  msy 
t>e conclude that besides tiie forsKition of the cosplsx 
IgBeFeC^^, m  ad3<K*ption c<supoimd ^BePeC^gJE^PeCy-g, 
one oolG of potassitm f  errocyaalde per sole of t te  
eoi^lexy is  also formed* Since reverse titra ticm »  
potassim  ferrcKsjranide in the c e ll, did not slwy ai^ 
tepoak in  the tltra tica i curires, iAse proM bility of an 
aflsorption coopoands with adso3ised bery lllm  could not 
be ascertained#
FRsa th© resu lts on tt0 polarograpl^ of it0 
berylliUB sa lts  i t  is  clear that i t  is  not possible 
to  g«t re'srersible and well defined craves with tiie 
u ^ U y  employed st^porting electrolytes like ECl, GaCl^  
Cfl? a i^xtup© of Cad2* Helther i t  is  possible to get 
polarograms of any significance ^ t h  Be(HO-j)^  solution 
^ th o u t a supporting electrolyte (Fig. 43 A) as was 
observed by kenaala a i^  Mlchallski (loc* cit)*  Further, 
the use of moximm suppressor like mtfcylred reduces the 
slapsagth cC t o  ci^trent considerably* In a l l  those cases
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a \mvb is  mere dciitiUiant aaa thds say I3© due to
tl3© i^rdroljrtic mtiipe the tjerylliXEi salts*  Another, 
factor rospoEialble for t!^  ams-eslstence of the berylllm  
m w  my be i t s  teaadmss’ to go into «k3b^ 1©z ioa fcanaatio® 
in  soluticm (aq\^ <K3i^l0xes)* In asd@r to  t!^
«ff®ct, stipportiao @locl2Po3^ t<i3 ^^hieh sho^ ? a lesser t®M«acy 
to  fos^empSMsr ions v lth  laetals secy?«rh©4 for* I t  
ia  m ^1 1  Immm fact th a t tha chlorate and p^chlorate 
ioas sliow l i t t l o  or no t^l® Q :/ to foro cosplssces \AUi 
mot^l ions* TIk3 c£ tba sa tma %iotad,
WffEire abs€JXic@ of eaapler icsis in  soliiticsi* Polarosraphic 
stuSies on b ery lliw  solatiosi casTisd oat in |®esmee of 
|K>tassi«n chlorate (0#1M) and potassiun perchlorate 
(Pig# 43 B ourves 4 and 5) had tii© desired e ffec t,
B©v@if8ible m m s vevQ obtaijaed S | vq3.im in the '?i<5inity
o£ tmB volts* The studies yore carried oat a t 80® ahamO. 
that tim sat’orated eal<»s^l ©lectr-ode earmot be siiccossftjlly 
ei^logred for getting a.polarogrigi of beryllit®  n itra te  a t 
h igh^ tesi^perattzre* Very satisfactca?7 resiilts* br>we¥*=jr|f 
cotild be obtained with the sercary pool (Fig# 43 ciirve 8) 
the E | mXm being t»S5#
Ma^&eometrlc titratiozis carried out \?lt^ beryllim  
nitamte in  the ce ll did not give typical aapsrometiy caPTes* 
Qer« the current goes <m increasing due to l:^rolysis* The 
probable etyuimlence point (Fis* sive a ra tio  Be 1
feCT6 as ti2#6 shosfing tiKsreby tho great adsesrptive
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capacity of the e m p ls x  K^BeFeCy^  for the ferroeyanlde ioas* 
fh is  supports the resu lt on coiKluctcsaetric titra tio n s 
yher© the earlstence oi* the ails<Hrptlon conples 
envisaged on the basis of d irect tlta*ations«
The resu lts <m the re v is e  s^peroiaDtric titra tion s 
as foUoust
80 ♦ 0*1 °C*
701, of 0*tll Vol. of 0.1^1 Batlo ...
B e^t PeCy^
________ S E S L ^ J S S E S ____________________________________
0*2 ec 0*2 sc | |2  (Fig* 45» curve 1)
0*4 cc 0.4 cc 3i2 (Fig# 45» curve 2)
©•6 cc 0#6 cc 3*2 (Pig* 45> curv© 3)
Ttm reverse tltm tio m , potassium ferrocyanlde in 
c e ll, give the rs tio  as 3*2# I t  points
to tiie fom atim  of the co sp l^  ^
amperoi^txle tltsratim s hamt t^i^erefc^et able to 
simply Information i^gaarding the coaposltion o f the 
cociH3«n^  forsa^ ii^ ban bery llim  n itra te  is  added to 
potassiua ferrocyanide •  a fact which eooM m t be 
Investigated caa the basis of asnductcsiatiic titrations*  
auuaii^  up the studies m  the coo^oirttion of 
lM»;fllim ferrocyanlde, i t  my be said that the ccsaplex 
has got the ccsiposltion l^BeFoC^  ^ and S^B® (^PeC^ )^2»
a® p^lng m  tlie aode of alslag of the reactants* When 
potassium feirocyanide is  added to  tjerylllm » a caaporoi 
with t!^ fomula K^B^oOy  ^ Is obtained whllfi on adding 
t e r l l l m  nltjjate to jwtassi'aa ferrocyanld© a coQplex 
Imvine t o  fcrnaila EgBe^CFeC^ )^^  is  foraedt Moroo^or* 
tts© eoB^ OBQd ^Be'FoCy  ^ shms a groat tendency to adsorb 
tfae f©a?rocyaiilde ions, and hmo© tindor these conditions 
the reaction cannot bo ©n j^lx^od for the estim tion  of 
beryllii®  as reported recently (loe . clt»>#
m
iEPBItolEHE W 
c a ll) , TiC iilaai iv  mk%m and C r(ii) 
mmoc^ABOQKi m m m m
im
f »  Exu'TiSSB or m > o x pom m iM X. m  m sE  ssrstm
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ldk@ elirc^e tmv9» f^Tvi&^wsiiim m& ^mesWm
e€i^lae»3 of eop|»^» titanii»« 
mH^msmm mM ^am Sm  in  tlssir iml@ner states lave
m t l^ @a iz i^ s tig ftt^  so tar» Tb& is^iMamtlaa C rili)
•trlth potssaiwa fen*oeymiiide m s stedied ia  ttese  labomtoitlm 
CsaMa U* mask aaa E ^» Almls^»r, Z* Aaorg* 1959*
301» 3431 350) 933& IM eresting remalts obtained r# p ^ ia g  
th@ Goi^ositioii aad eoUAMal bebairioiir of Urn freshly 
pap©cipltat©d caipl.©x* m tk m s mstmA^ to d«tei^il&s 
th© ooi^ositioii of umh o tte r eoapXcacos with less fa s llla r  
m ta l tom  Ci^tlcseiiS above) ixiclu^izig iloCvi and lii)«
Th@ in703tigati<3iis on t ^  l a t t ^  eo@plo3ces are a«acrib@d 
in  th© laroseadiog <tept@r#
WmMm» aetami£dng the ooap>sitl<m miproat;
a»2 f@rrlc3?miiSes| tltaaoas f©rro« md. fsrri<gFa«ldes, 
titan ic  ferrocyanld©! aangaalc f®rro* ai^ f@STioyaaid«i| 
and ete^eaons tbe %iork mdt» lnv^tlp itioQ
pvoflil^ a  aaass to s ta ir  a n@w aisi Is^portant aapeet 1& tte  
^eedatxy of o@tal ferroc^^anog^ eosspleaEea* irls*t 1 ^  
mlstence pdteetinl in  ^o3@ i^riit«^« Althoi]^
xvfmsice to  tMs b ^ irlo iir  i^as sade as as t937
Havltlsoii (loc« cit»> for th® iloy faraaticm of fe rric  
ferreeyMtild© m  the basis of tim e<pillbrim  oooitant of
im i n <4nI»
th e  r e a c t io n  t Fe  + F©C^  ^ ^  "* Fe ,  a la o s t
n o tM n g  bas been done s in c e  th en  t o  app ly  th e  concept o f  
redox p o t e n t ia ls  t o  system s l i k e  Cu  ^ t  FeCy^^^Fe^iCu^^}
4M|MNHMk
Ha FeCy  ^ ^  ^©Cy^  * • J'eC^g ♦ Cr
^ A|->
recy^  ♦  Cip ®t«# ft®  aetbcsd o f  aiaperoEietric t i t i a t i o m  
©Eiployed thr^ughoi^t th e se  s t ix i ie s #
m m m .*
&mmm aaLQm m .m m m i
The s a lt  %ias ob ta in ed  tjy reducing  cu p ric  c h lo r id e  
by copper tu rn in g s  in  p resen ce  o f  ecm cen tration  HCl* To 
th e  c o lo u r le s s  s o lu t io n  th u s ob ta ined  e:scess o f  'water fm s 
added to  g e t  th e  •white p r e c ip ita te *  I t  vas cashed w ith  
a lc o h o l aM  th en  w ith  etteer and f i n a l l y  d r ied  in  a vacm »  
desiccatos* o ve r l i s » *  The s o lu t io n  was larepared by 
d is s o lv in g  1*98 gras* o f  th e  d r ied  product i n  100 cc  o f  
0«1 MCI ( a c id i f i e d  with a l i t t l e  aaoim t o f  l^ d ro ch lo r ic  
a c id )#  The s o lu t io n  vaa le f t  under a la y e r  oT lauratffin to  
avoid  cSKidation* The s tr en g th  o f  th e  s o lu t io n  was deteredned  
by t i t r a t i n g  a g a in s t  0*1M azaaoniiM th io c y a n a te , u sin g  f e r r ic  
a i m  a s  th e  irM iicator (H,U^ I% lik and cow orkers, Z* Anorg. 
C hes*, 1959» 299» 322)^ The s tr e n g th  was found to  be 0#098M*
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m m rn ,.m m m M m x m t
To 250 cc ot 12#5/S titancras chloride solution in 
HCl (B#D*H*) about tuo pas, of spectroscopically pur© 
titaniua aotal was added* I^rochloric acid vas th ^  
Sftssed i s  tiiQ soluticj© far about ainates* !flie aixtur© 
Wks then heated dissolve iho titanium aetal# HJl gas 
was again ijassed for about cmo hour ifihlle keeping the 
solution in a freezing alxtur©* On keeping for soiae tiae 
violet crystals of titanous chloride app<^ed» The c^ s ta ls  
wear© with a ir  free dcmble d istilled  \mt©r and
dissolved in 15% HCl solution (tl^  evystals wez^  also 
soluble in absolute alcohol). The strength ms determined 
by titra ting  against 0.1 M KlfnO^  (stantSard aethods of 
Analysis by Scott, Ed. V, p. 9B4) • Hie strei^ldti was foond 
to be 0.087^ 1#
TITMTXC g m . 0 S I P l _ . 3 Q m m t
i2m0 titan ic  chl«»id@ in  hr^roclilaric acid 
was ©spieled for preparing the solutlcai. a e  
strength was determined precipitating titaniun as 
hydrcxgide and weighing as Ti 0  ^ (standard methods of 
Analysis by Scott, Bd. V, p* 9S2). The strength was 
fomd to  be 0.093M.
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.§.9w n m
Tfe© aethod recoaaBiafted ti^ tJbbelohde (J.C*S,, 1$35, 
1 ^ )  was fo llo i^  for the j^apetmtim  o f saaganlc 
stjlphate#
15*1 of laaii^KiliB fmlphate vras dissolved in 
one l i t r e  of ^  sulphuric acld^ ^  50 cc of th is  solutio® 
another 3 ec of conc^trated acid adde^ and thB
sixtui^ kept te  the iee tmth* 12 ec of 0#!® potassiisa 
pernangamt© uere added in  ali<|Uots of 2 cc, a t an 
Interval of a1x>ut ttare© ainutos* A further 2 cc a? oonc* 
were added in  botwem* kttm pt to  prepare solutions 
of higher concentration than O.O7H siet w ith failyre* To 
avoid form tion of higher cxdLdes in  solution i t  ms 
safer to add a l i t t l e  sore stilphsiPic acid than 
recoBOfiigied by Ubbelhode*
the strength of manganic sulphate solution yas 
d©t®Pmined titra tin g  against ferrous Bsmxcmlvn sulphate 
solution of known strength• Tlie e:E^  point %/as detected 
the ctenge in  colour free ligh t green to yellowish 
green* k in  potential of 0*35 volt was a t
th© end point (m the addition of a single drop of 
titran t»  The strength of the e lu tio n  was fotspd to he 
OrnOZmrn
•  14t
.........  _ s m m im t
ISbe solution m s ol^taiiiad after roducln^ 
chloride \/ith sine and hydrochloric acid (50 ga@* A,B*
chroBilc clilorid© ia  about 75 cc d istilled  i® ter|
00 SOS. piire gramlato<3i sine and alxmt tZ5 gq pM  d istilled  
hydrochlaric acid la  soall <j«saitities5# tlie method 
r^oiaaended ^  Balthis and Bailer (J* Amor* C3iss# Soc*  ^ 193^  
53* 1474) with a slieJit sociification was Allowed* fh® 
ehroEKJUs chliald© obtained a fte r reducticaa mts con^Grted 
to cfercEsous acetate (150 piir© sodlm acetate dissolved 
in  al3oat 200 cc of a ir free d is tilled  water) ladiintainiag 
mi in ert ataosi^br^c* 13ie precipitate mshed aev&eaX 
t^m s wit3i ice cold alT free distill@ 3 ^tcar t i l l  the 
f il tr a te  no nore ga¥e th« to st fotr zinc (six  to eisht 
iBMteigs ware newsesssury for the complete removal of ssinc) • 
Ihe fin a l mshing m s dcaie with a sm ll quanti^’’ of alcohol* 
The chrosoas acetate ^ s  converted to the chloride in  th© 
m m  reaction vessel* 200 cc of a ir free d istilled  w te r 
added to the flask* lljrdrogen ciilOTid© gas m s passed in 
the reaction vessel* To prevent Isack suction of w te r « 
Sim; cnrrent of cartKHsdioatid® wm aaintained*. 1!he aethod 
of dissolving t5io chromous acetate in a ir  free* ice cold 
1»0 II BSl, previously used in  th is lalx^atoiy, resulted 
in  tl^  cataly tic oxidation of chrojaous with the resu lt t ^ t  
a c«^pas«tlvely large proportion of C r(iii) was presm t 
in  the chromous chloride solution# The deep blue solution
stored in  a stone tpr^ bottle (stm e Anml* Chea., 194S| 
i i ,  7^7) and r^iaincd stable for aanj' weeks*
S in ce  th e  s tr e n g th  o f  eliroiaoas c h lo r id e  had to  be 
determ ined ai:^ d s e c k ^  o c c a s io n a lly  during th e  course o f  
th e  ex p er ii» 3 n tst th e  method o f  s l n t l  and R l e m d ^  (S# Ancrg* 
A llg « a #  Gh®i^, 1927, J i t ,  374| 385| 1927# i M f  97) u sin g  
copper stilp h ate  or  potassitam dic^iirassate %ias replaeed< a  
siore qu ick  imd accxsru te  sKsttiod* The method depends aa  
th e e sd d a tio n  o f  chr<saou3 c h lo r id e  by p o ta s s i is i  p erm n p m ate  
aiK? t i t r a t i n g  e x c e s s  o f  th e  l a t t e r  a p i in s t  fe r r o u s  aoacmiiaa 
su lp h a te  p o tm ticJ E jetr ica lly #  5 0 .0  cc  0*1IJ p o ta s s ia a  
p«*affia^«ate a c id i f i e d  v i t h  15 cc  o f  ^  su lp h u ric  a d d  
v a s  takon  in  100 cc  beaker a s^  covered wit^i a la y e r  
(ab ou t 0#5 CI3 th ic k )  o f  kerosene*  3*0 cc  o f  chrc^ious 
c h lo r id e  solutioaa \m s th en  tra n sfe r r e d  t o  th e  p e rm x^ m B te , 
k eep ln s  th e  t i p  o f  th e  b u r e tte  imder t^ e la y e r  o f  k ero sen e . 
The m ixture m s  s t ir r e d  and k ep t a s id e  f o r  f i v e  ndnates to  
ensure c c o p le te  c ^ id a t io n  o f  C r ( i i )  and th e  e x cess  o f  
permnnganate im s t i t r a t e d  a ^ d n s t  0*111 ferr o u s  a m ^ ^ ts i  
s u lp h a te . T in s le y  PoteJttiom eter (ty p e  33B7 B) and th e  
c c e a e ^ tr a t io n  c e l l  co iaprising o f  a CTooth p la t im s i w ire  
in d ic a to r  e le c tr o d e  and l^ckssm  fila:*e refe:i^nce  
e le c tr o d e  v a s  used* The o b serv a tio n s o f  th e  p oten tiom etr ic  
t i t r a t i o n s  were a s  fo U o ^ s i












7ol# of CrCl  ^ « 3.0 cc
Vol* of 0*11! KiaiO^  a<3id©cl z 8»5 cc











Vol. of fetTcJUs an23®iil«!a jsnilphat© 1.15 cc 
©guivnlent to nnusod permojigarsate z
7oXm of p^mngsnato tssed 
tip chrcHTKJUs c h lo ric  s  8*5 -  1 #15 r  7«35 cc
Strength of chpoiacws chlorlds r  « 0.245M
3
g jm ^ M  m ail*
Fairly txmcesi'toted solutions %tqto prepared lay 
d is^ ilv ii^  potasaim  ferroctranido (4*H.) and potassim
ferricyan lcl©  { r e c r y s t a l l i s e d )  in  doul3le d i s t i l l e d  w a te r .  
The s t r m c t h s  were a e tero in o d  t i t i ^ t i i ^  a g a in s t  
potassltffij pG Stm siesm tQ  ( f o r  p o t a s s im  ferrocjranide) aad  
io d c s a e tr ic a lly  ( f o r  p o ta ss lu n  fo r r ic y a n id e )^
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Itefore carrying out amperooetric titra tio n s , 
p^ S^ (^ BSxms^  ^sf^rium ts vOTe in  certain eases
to  }BBm tl30 mtup© of the reaction# For stiMjins tliQ 
cuprous fo3?roq^£iKiae reaction ^^ *r7iag proportions of 
efuimolectilar sol^aticms of t!ie reactsnts were mix^St 
J»i©pliiE t o  totGl volvsiQ (1C cc) cm ntm t in  ^cli 
case. Although no preclso in fon iatto , could be obtained 
fcr the ra tio  vhereJ^ sr a *aetit3Pal» ccje^Isx was foroed, i t  
mSf hoi/e^er, fomfl that the supernetmit liquid of th© 
precipitate obtained Msing equal TOluaes of cuprous 
chloride aiMl potassiua fen ’ocyanid© gave a feeble te s t 
fcs? tho forro<^sranid© i<a3s* Purtiica?, the precipitate 
ohtninod with «c©ss of potassim  ferrocyanid© vus reddish 
IrcRiS in colour i ^ l e  that obtainea in  pres^ice of excess 
of cuprous cl^ilorile xjsas *«?!iite* Also the supernatant 
liquid tuinGd to p*©en and fina lly  to  blue (probable 
fonaation oT |e:"as3ian blue to the decomposition of 
potassium ferrcKjyanic’e) in  the fonnGr case* Similar 
® ^erla^tG  vere p€o:*formed id th  potassium ferric^/anidie* 
Here c:ffleess of either of the reactants could m t 
c?et©ct«  ^ for the laixlne ra tio  1|1« As for the colcmr of 
the precipitate,bro® i products were obtained in a ll eases 
although with excess of ferricyanide i t  was quite dark 
(approaching to blacli;)# The supsrmtant liquid also
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timied gpsen on keeping the precipitate whleh was fonaed 
wilfc i^ irg© excess of potassiua terriaysntde*
S lailar e^eriaen ts wore peTtormd in  the case 
of titan iy s salts# Varying proportions of equinwlecnlar 
soluticais of the reactants were mixed» keeping the to ta l 
wliiae (10 cc) constant in  each te s t tube. For T i(iii) 
potassiiaa ferrocyanide reaction, a dark yellow precipitate 
v&s obtained idien excess of titano«s i<ms were peesmt* 
With eqtiioolecular proportions of the reactants and also 
with eircess of potassiiaa ferrocyanide orange coloured 
IHPecipitate \ms obtained* In te s t tubes containing large 
excess of potassium ferrocyanide a blue colour develo|«jd 
tfc  ^ surface of the precipitate on keeping* For tb.9 
f i ( i i i )  and potassium ferricyanide reaction, an orange 
coloiired precipitate (siM M r to that of titanous fe:^o- 
cyanide) was obtained ^ ^ n  excess of T i( iii)  was present 
i^ ile  for solutions containing equinolecular proportims 
of the reactants or excess of potassiuQ ferricyanide a 
dark txemm precipitate ims obtained.
Titanic chloride does not give any precipitate 
with potassixim ferric^anicle in  the cold* Ctoi hinting the 
sixture a sligh t yellow turbidity  appears* I t ,  t«3i/ever» 
reacts with potassim  ferrocyanide♦ With excess of titan ic  
ic«is a chocolate coloured precipitate %ms obtained tfhile 
cm mixing equiaolecular proportion of the reactants a dark 
broim precipitate m.s f  o n ^ t  precipitate obtained
•  14^
of potassiics mm Igqua
in  colour^
Him tdX m ins procodnre %mb a^e^ted for 
mm ppopoBPtim of tli@ gnigwato ^  sive &
<st ^^ aafosem
i j )  ms OmUi Ky^ O^sr^  w s takm JUi fivi@ test tul)es» 
^iQ teS to Ql«3«t 5*0 cc mid eovmd vitfc a of
?i^7ios qgaPB^Itt#! 9t glHgqwBg (OaSH)
soXuticB m s to  moh* ftm m m  tboxxm ^^
WS3B0& wA ^ 0 n  e « ^ f to ^ i5  ftftor f t ^  Mattlw* ^  
gilwOTifgfe iSnpSa mB tested for ^  jr«rri€9^ n ^ ^  and the 
cWmic tmmrn oxc^ss t^ igroBwai ehlorid# solution
a ^xldlc f@latii»%t3 i^eolpito te grem i s  eoXmir vas <^t&laiS 
'i^il© v ith  of s^stassim f«rplc^m&iSe ao3y a IMn
pT0oipitat@ d#^lop@a* flit oolQW of the pmeiptt&im 
also p m ii isk th is  mmm flie ^^proxSmte m tio  t&t 
chtmtsdm a *mu^eBl* em plm  mam 111 •
s , . a a g m »
Mime«3]^iio aeasaraMsta vopo om^iod ost ntHi a 
F istw  StaedhropoSe fa  raii^is^iosi vith  a im iltill^  pdLimao- 
■0ter (sensitivityIllOf 4 x 10*^  i^ /di^isicsi)
0*1  ^g ^ t ^  vas iiaea as tha mBo^ tmm Iha
oapportlug olectrolytos “worei
tSj •  potaaalua f©irocc?mii^ K01
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<ti> TiCl^ •  potassli© ferro- fe rr lg c ^ d *
( i i i )  T lC l,  -  potassim  ferrocj^nlde reaction -  saturated 
^ solution of CaClg in  HCl#
<iip) UnCiii) -  potassiuo ferro- and ferrlcyaaide reaction
ffalphuric acid in  the soluticm*
<ir) CrClg -  potassitM ferricyanid© reaction - 1 *0 M KCl#
ftm polarographic c e ll c o n sis ts  of the dropping 
mes^ ciiry ©lectrode and 3^*E , nitrogen gm (^arified) 
m s passed in  ce ll to m in tain  mi im r t ataosi^re*  
tai^esmtiire of tlie thermo* s ta tic  Imth ^tis o&intaii^d 
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C III .O n in "t
0»6 cc of th© cuprous chlaride (O*O90S) la s  taken 
ia  the ce ll and to ta l volume made i^to  20 cc with 1 cc 
gelatine and the rest supporting electrolyte (9«0lf EC1)«
Table I*
Potential 0«0| 0*1} 0*2| 0*3| 0 .4 | 0*5} 0»6| 0*7|
Applied
0*8
Current 2»85|3.3| 2B^5| 8t*5f B2.0j 83*5| 85*5|86.
* 4 X 10‘  aop.
(PlE. 47 )
UTAIW? Piw agsi
0*6 cc Of the titancms chloride <0.<^^^) taken 
in  the cell and to ta l mlvsme made upto 20 cc with 1 cc 
gelatine and the rest of the supporting electrolyte 
(4lf IKI^ l}* The potential to be applied v&s detePmir^ from 
the anodic %mve*
149 •
T able I I *
Pot»:aitlal 0.0 } 0.05 |  0.1 |  0.15 t  1 0^5 |  0.3
A pplied
. 9  - 5 5 . 0 |  - 4 8 . 0 J  - 3 5 . 0 J  - 1 9 . 0 j  - 7 . 0 }  - 2 , 5 }  - 1 . 0
z 4 z 10 ^amp.
P o te n t ia l  0*35| 0.4 } 0.80| t . t |  1 .2 | 1.25? 1*:
A pplied
_ 9  -  0 .5 }  0 . 0  5 - 1 . 2 5 }  2 .2 5 }  5 .5 }  2 9 .0 } 5 7 .0 } 1 3 0
X 4 X 1 0  ^ a n p .
fn s . 48t curve 1)
T ita n ic  c h lo r id e i 0.6 cc of titan ic  chloride 
(0.093H) was tak«n in  tbe c e l l  and t o t a l  v o lm e  md© «pto 
20 ec v ith  1 ec gelatine and the re s t o f  the supporting  
e le c t r o ly t e  (satxirated GaCl^  in HG1>*
Table III*
P o t^ a t ia l . 0#0 } 0«05| 0*1 | 0.15f 0.2 | O.255 0.30
A pplied
.0  - 39.Oj-O.55 -9.5} 22.75} 32.0} 35.0} 36.5
X 4 z 10 ^amp.
P o te n t ia l  0.35j O.iS j^ 0.45| 0.5} 0. 6|  O.85 C.95 KO
A pplied
Current 37.25}38.0} 38.0} 38.5} 39.0} 40.5}A4.0}60
z 4 z  10 ^amp.
( F ig .  48* curve 2)
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V i m im c  S U LPH A T E i
10 cc of manganic sulphate (0*068M) m s taken in 
the i^larographlc ce ll an<3 to ta l volme siade upto 
20 cc wlt^ 2 cc gelatine and the rest water*
Tabl© 17*
Potential 0 ,0 | 0 .2 | 0,4} O.S5 nO | 1.2j 1«5| 1*52$ 1 .55|
Applied
Current 33^0} 33rfj 33^j33.0}33.C|33.0|33.0j 63.7j
X 4 X 10 ^asp*
Potential t*6i 1.7* 1.B| 1 .9 .
Applied
current 71*0173.0173.5?74.5.
X 4 X 10 ^mp»
(F ig. 49)
0*5 cc of CrClg (0*2453) taken In the
polarographic ce ll and to ta l volia^ w&s made upto 20 cc 
with 1 cc gelatine aiKl the re s t sup^Jrtli^ electrolyte 
Ct*OMKCl)*
Table ?♦
P o t^ itia l 0 .0 | 0.15 0.2} 0 .3 | 0.4} 0.5j 0 .6 | 0.7
Applied
-9 -25*0|-25*25f26^5|-23.0f-20.05|-10.0|-2 ,5 |
X 4 X 10 aop.
Potential 0,8 | 0*9f 1*0f 1*t| 1*3| 1#4.
A pplied
Omrent 2.5 t 3*0} 4*3| 5.05j 8 .5 | 25
X  U X  10“ 'anp.
(ifle. 50)
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Tram th e  polarograms shown In  F£gs« U7» ^  (cu rves  
1 and 2 ) 4 9 1 ai^i 5 0  th e  co n sta n t p o t e i t l a l  to  be a p p lied  
in  th e  t i t m t i o n a  a ret
( 1 ) Ca^Cl^ *• 0 , 6  v o lt }  ( i i )  TlCl^ -  0 * 0  v o l t f  
( l i i )  TiOX^ -  0 * 4  v o l t f  ( i v )
(v )  CrClg •  0 * 2  v o lt *
In th e  c a se  o f  cuppot© chloopld© -  p o ta s s im  ferr icy ^  
cailde r « ^ c tio n  t itm tic H a s  were a l s o  ca rr ie d  out a t  0 * 0  v o l t .
Frcte th e  p o la r o g i^  o f  J S i( i i l )  <Pig#4 9 ) i t  i s  
© vld ^ it th a t  ap ^ Q C lab le  cu rren t p a sse s  throu?^ th e  c ir c u i t  
@i0^ n a t  0 * 0  v o lt*  p o la r o g T a i^ c  t^ave i s  ir r e v e r s ib le  
^ V 4  *  s ’iiotfing th ereb y  th a t  th e  red u ctio n  
ta k es  p la c e  ir ith  tifO e lec tr« m  tr a n s fe r *
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Direct -  0*2 cc (D j 0*4 cc ( il)  and 0*6 cc ( l i i )  of 
0.098M CUgCl^  In the cell* ?oluae aade upto 20 cc with 
t  cc gelatim  and the re s t t*CM ECl# 0*1 M E^FeCy^  added
frosa the Ijarettc*
Table VI*
Potential applied -  0*6 w it  30 t  0*t®C*




Current (H i; 
X 4 X 10*  ^ amp*
0*0 cc 4t»0 ai#o
0*05 ec 33*5 • «•
0 *10 cc 24*25 6sas A4»5
0*15 cc s*o m •
0*20 cc 0*75 38,0 35.5
0*25 cc 0*75 m *
0*30 cc 0*75 20.0 25.5
0*40 cc 0*75 5*25 14*0
0*45 cc 1.0 K»
0.50 cc 0.75 0*75 7.50*60 cc 0.75 2.0
0*70 cc •s 0*75 0*50
0.S0 cc 0*75 0.75 0.5
0*90 cc -•» • 0*50
l«0 ec 0*75 0,75 0*50
1*4 cc 0*75 • •
1*5 cc 0*75 0.50
1*8 cc 0.75
2*0 ec 0*75 0*75 *•
CFlg* 51, curves 1 ,2  and 3) •
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leverse -  0.2 cc (1)} 0,4cc(ii)|an<3 0«6 cc ( l i i )  of 0*1M
K.FeCy la  the cell# Voluae made upto 20 cc with 1 ce 
6
gelatine and tfee re s t 1 #0!€ ECl* 0*C9S Cu^Cl^  added from 
the trur@tt#9
Table 711#
P o t^ tla l applied -  0#6 w it  Temp# 30 ♦ 0*1 ®C*
Tol. of 0.1 H
K^PeCyg
Ciarrent (1) 
X 4 X 10*  ^ amp*
Current (11) 
X 4 X 10"^ asp*
Current ( i l l )  
X 4 X 10*  ^ amp.
0*0 cc 0.75 0*75 0*75
0*05 cc 1.0 0.75 —
0*10 cc 0.75 0.50 0.50
0.15 cc 0.50 •» —
0,20 cc 0*50 0.50 0.50
0.25 cc 5^5 0.50 »
0*30 cc 14*0 0.50 0*50
0.35 cc 26*0 0.75 •
0.40 cc 43 #0 6.50 0*50
0.45 cc 14*5 —
0.50 cc 64*0 23.0 0.50
0*60 cc 81 #0 46*5 2*25
0*70 cc ♦ 65.5 23.25
0*80 cc ■# 88*0 46*5
0*90 cc - 68*25
1 *0 cc • • 90*5
(Fig* ciirves 1, 2 and 3)
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S llM t -  0*2 ec (i)$ 0^4 cc (11) and 0,5 cc (111) of
0#09B *^^^2 cell* V o lx im  a»dl« i^ to  20 cc id.tb
1 cc gelatine and the re st i *QH KCl* 0*15^ K,PeCy added ^ o
fros the biirette* Pot<mtials applied 0*0 vo lt.
0,2 cc ( i ) | 0.5 cc (11) and 0*6 cc (111) of 0 * 0 ^  
CUgClg when applying a potential of 0,6 v o lt.
Tcnperatiaro of the thercKJstatic water tsitti 'ms 
maintained a t 30 ^ 0*1
Table V I I I ,
?ol* of 0*15^ Current (1) Current (11) Ciu?rent ( li l
X 10“^ amp. X 4 X 10*  ^ 6np3» x 4 x 10“  ^ mi
0.0 volt 0.6 volt 0.0 volt 0.6 volt 0.0 w it  0.6vc
0*0 cc
\
-  0.5 40*5 0.0 42*0 0*5 51*0
0.05 cc -  0*5 26*5 -  1.0 —
0*10 cc -  1*0 8*5 -  1*50 25.0 U75 40*5
0.15 cc -  1*25 8*0 « a. m —
0*20 cc -  1*75 1*0 0*0 14.25 1*() 22.5
0.25 cc -  0.25 2*5 • — — •
0*30 cc 4*75 7*5 •  0*5 6*0 0*0 12*5
0.40 ec 14*75 17.0 .  0.5 1*0 — 2*0
0.50 cc 29*5 33.0 1*25 0.75 -  0*5 0.75
0.60 cc 39*5 43.5 4*75 1*75 -  0.25 1*25
0*70 cc o » 10*5 5*75 4*75 1.25
0.80 cc 58*5 64*0 14*5 10*0 8.5 5.25
0*90 cc m m «• 13*5 12.5 9.0
1.0 cc B0*5 87*5 23*75 19*0 14.25 14.75
1.2 cc m m • 27*0 25*0 -*
1.4 cc m. m - 36*0 34*0 -
1.5 cc m. • — — 37.0
1 *6 cc • a» 45*0 42*5
(Fig* 53t curves 1, 2 , 3 and Fig* 54, curve£s 1,2,3)
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Reverse ♦  ^  cc (1 )| 0.4 ce ( l i )  and 0.6 cc ( i l l )  of 
0*155K K^Fe<^  ^ ia  the c e ll . Yolm^ mde upto 20 cc ^ th  
1 cc gelatins and the r s s t  1«0H KCl. 0.09BM CUgCl^  added 
tram th® borette.
fmspm 30 t  0.t®C.
Table IS .
Vol. of 0.09®f Current (1) Current ( l i )  Current Ciil]
^ ^ ^ 2  X 4 X 10*  ^ amp. x 4 x 10*  ^ asp. x 4 x tO*  ^ amp*
0.0 volt 0#6 volt 0.0 volt 0.6 volt 0.0 volt 0.6vc
0.0 ee 20.5 24.0 46.25 69.5 76.5
0.05 cc 15.0 18.5 41.0 46.5 •> mm
0.10 ce 9.5 13.5 35.5 40.5 58.5 65.0
0.15 cc 7.0 10.0 29.5 33.5 m —
0.20 cc 7.0 10.0 20.0 31.0 m
0.25 cc 7.0 10.0 12.0 15.5 m •*
0.30 cc 7.5 14.5 7.5 10.5 30.5 35.0
0.35 cc 8.0 22.0 7.5 10.5 — •
0.40 cc 
0.45 cc
9.5 36,0 i*® 10.5 19.0 22.510.25 43.5 7.0 10.5 «• —
0.50 ce » 7.5 11.0 0.75 4.0
0.60 cc 10*5 75.0 - 0.75 1.75









0.9 cc 15.0 54.5 0.25 I f .5
t*0 cc - 1.75 34.5
!♦! cc 
1.2 ce




<Flg. 55» curves 1, 2 , 3 and Fig. 56, curves 1, 2, 3)
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m m § m
0.6 cc of K^FeCy^  or (0.155M and 0*1M
respectively) taken in  the ce ll and diluted to 20 cc vith  
gelatix^ and the supporting electro ly te. Tar the cupric 
chloride -  potassiiim ferroc:mnido reaction a potential 
of 0*6 volt applied while for the cupric chl«rid© 
potascii® ferricyanide reacticm titratioais were carried 
out a t 0*0 volt and 0*6 volt





(0.6 cc K^ F^eCy^ )
X 4 s  10*^aiap*
Cuprent 
(0*6 cc E^ PeQiTr)
X 4 X 10*^ amp*
0.6 volt 0.0 volt _ . 0^6 volt
0.0 cc 0*0 72*5 66^
0.10 cc 0*25 73*0 65.5
0*20 CC 0.25 73*0 ^ .0
0,30 cc 0*25 69.0 63.0
0.40 cc 0*25 66.0 58 .5
0.50 cc 0*25 58.5 53.5
0*60 cc 0.50 53.5 47.5
44.750*70 cc 0*50 48.0
0.80 cc 0*50 43.5 38.0
0*90 cc 6*0 36.0 32.5
1*0 cc 15.75 30*5 a6*5
1*10 cc 31.75 24*5 21 *5
1 *20 cc 46*5 20*0 16*0
1 *30 cc •• 17.0 13*0
1*35 cc 65.5 - -
1*40 cc 30*0 20*0
1*50 cc 41.0 26*5
1.60 cc * 62.5 38.0
1.70 cc ** 75.5 47.5
(Fig* 57! 58* curves 1t 2)
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im m m ..
Direct -  0*3 cc (1 )| 0.6 ce ( i i )  and 1*0 cc (H i) of 0.087M
flCl^ in  ftie c e ll . Volus© made upto 20 cc with 1 cc




Potential applied -  0*0 volt 30 ♦ 0*1 °C*
Vol* of 0*1M Carrent ( i) Current ( i i ) Current ( i i
K4FeC7g X 4 X 10**^  aap* X 4 X ICT  ^ amp* X 4 X 10"*° aap
0«0 ec 16*25 30.5 40.0
0*1 cc 11*0 26.0 35.0
0*15 cc 3 ^ 5 mu
0*20 cc 3.0 2 i^ 29.5
0*25 cc 2*25 m • •
0.30 cc 1.25 13.0 23.5
0 * ^  ce 1.0 5.5 15*0
0*50 cc 1.0 1.75 9*5
0*60 cc 1.0 1.0 5.0
0.70 cc m l«o 1.45
0*80 cc <•» tfo 1.0
0*90 cc ■m m !•©1*0 cc m m t«0
1.1 cc m
<Fig* 59 i ctarves 1, 2, 3)
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Severs© -  0*3 cc (1 )| 0.6 cc (11) and 1*0 cc ( i l l )  of 
0.1M Kj^ oOy  ^ in  the cell* ¥oluae nade apto 20 cc with 
t cc gelatine and ths re st 4 I? HCa.* 0*087M TiCl^ added 
frcm tb6 burette*
Table XII*
Pot®itial applied •  0*0 volt Temp^  30 ♦ 0*1 ®C.
7ol* Of 0*087« Current <1) Current (11) Current (111)
TiCl^ X 4 X 10*  ^ amp* X 4 X 10*  ^ amp* 2 4 X ICT^  amp*
0*0 CO 0*75 1.0 0
0*05 cc U5 m •»0*10 cc U5 t;sf 1.5
0.15 cc 1*5 •
0*20 cc 1.5 1*0 1.5
0*25 cc 1*0 -
0*30 cc U75 1*5 U5
0,35 cc 2*5 «• »
o*4o cc 3.5 1.25
0*45 cc 5*0 »
0*50 cc 7.25 1*25 U5
0*60 cc 12*0 1*25 U5




0*90 cc 28.0 9.5 1.5
1*0 oc «» 15*5 U5
ee mm 20.0 1.5
1*2 cc m 24.5 3.5
1*3 cc m «• 7.0
1 *4 cc m «> 11.0
1*5 cc m m 16*5
1 «6 cc «» 22*0
1*7 cc — «»
2*0 cc m 40*0
(Pig* cra’ves 1, 2, 3)
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a m iio f -  m m m  a a i
Direct -  0,3 ec ( i ) | 0,6 cc (11) ai»5 1.0 cc ( i l l )  of 
0»C©7M TlCl^ in  the c e ll, lolxem  aade upto 20 cc with
1 cc gelatine aisa tii© re s t 4 H HCl. 0.15511 K^ FeCy^  added 
frzn  t h 3  t a ’ e t t o #
Table XLll»
Potential aprlisvi •  0.0 volt Teap# 30 ♦ 0.1 ®C.
?o l. of 0. 155»
K^FeCy^
Cusrent (1) 
3c 4 X 10*^ aap.
Cupr^t (11) 
X 4 X 10**^  mprn
Ctirrent ( i l l )
X 4 X 10"^ amp
0.0 cc -  16.0 -  33.0 -  50.5
0*05 cc -  10.0 -  26,5
cc -  3*75 .  19.0 -  38.0
0.15 cc -  1,0 -  4.0
0*20 cc -  0.25 •  1.0 •  21.5
0.25 cc ^  6.0 -  1.0
0.30 cc 10.75 « 1.0 -  2,5
0.35 uc 16.0 •  1*0 •«
0*40 cc <» + 4,0 -  1,0
0*45 cc 13*0 •
0*50 cc m 19.5 -  1.0
0.60 cc m 28.0 4 3.0
0.70 cc m 12,25
0.r,0 cc m m t 25.0
0*90 cc m • 37.0
1.0 cc • 50*0
( Pig, 61t curves 1, 2. 3)
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Reverse -  0.4 cc (1) and 1.0 cc (11) of 0.155JI K FeCy.3 6
In the cell* 7olime rn.de upto 20 cc with 1 cc gelatine 
and the re s t 4 H HCl* 0.087M TlCl^ added fpoa the burette*
Table XIV#
Potential applied •  0.0 volt Tei^* 30 ♦ 0.1 °C*
7ol« of 0.87H Current (1) Current ( ii)
z 4 X 10*  ^ amp* x 4 x 10“^ rap.
0.0 cc 32.5
0.10 cc 22.5 4»
0.15 cc 18.0
0.20 cc 13.0 m
0.25 cc 8.5 m-
0.30 cc 3.0 •
0.40 cc -  1.0 m -
0.45 cc -  1.0 m - ,
0.50 cc -  1.0 m
0.60 cc -  1.25 32.0
0.70 cc -  3.0 26.0
0.80 cc -  10.5 23.0
0.90 cc -  15.0 19.0
1.0 cc •  21.5 12.0
U1 cc •  29.0 10.0
<•2 cc m 7.0
1.3 cc m. 5.0
U4 cc m. 2.5
U5 cc 0.0
1.6 cc m m • 0.5
1*8 cc - *• 0.5
t.9 cc «» 0.52.0 cc «■> — 0.25
2.1 cc • — 0.25
2.7 cc •• • m 0.25
3*0 cc «• 1.25
3.2 cc •• 1.25
3.4 cc m . 5.0
3.6 cc «» «• 8.0
4.0 cc *• • 13.5
(Pig. 62, ciarves 1 and 2)
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Direct -  0*3 cc ( i ) | 0*6 cc ( ii )  arsd 1.0 cc ( l i i )  of 
0.093M TiCl^ In the cell* Total voluae mad© upto 20 cc 
with 1 cc gelatine and the re s t saturated solution of 
CaClg in  HCl* 0#1M added fTom, the burette*
fable X7*
Potential applied •  0*4 volt T®ap* 30 j  0*1®C*
?ol» of 0*1K Current (1) CiErrent ( i i )  Current ( i i i
KjTeCy  ^ x 4 x 10*  ^ aap* x 4 x 10 amp* x 4 x 10*  ^ am;
0*0 ec 18.0 23.0 37.75
0*05 cc 17.0
0*10 ec 16.5 22*5 37.75
0*15 cc 16*25 •




0*30 cc 19.5 28.0
0*35 cc 14*0 •
0*40 cc 12.0 15^25 26*0
0*45 cc 14*0 «•
0*50 ec 13.25 tt*5 22.5
0*55 cc 11*25 m «»
0*^ cc 10*0 9«5 17*5





0*90 cc 6.5 3.75 7.0
1 *0 cc 6*5 2*5 6*5
1 *1 cc 6.25 2*0 5.0
1 *2 ec 5#5 2*0 4*0
1 #3 ec •i 1 *75 3*25
1 *4 cc U75 2*25
1*5 cc • 2*25
1 *6 ec m t «» 2*25
63, curve 1, 3)*
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E^verse -  0*4 cc ( i ) |  0,6 cs (11) and 1,0 cc (111) of 
0#1H K^Fe<^  ^ In th© c e ll. Total volvm e  node tipto 20 cc 
v lth  1 cc gelatine and ths re s t saturated CaCl^  solutlcaa 
In 0C3U 0.093M ^ICl^ add€^ frota the tnirette.
Tab!© m .
Potential applied •  0*4 volt feep, 30 % 0*1®G#
m ,  of 0,093M Current (1) Current (11) Current (111)
X 4 X 10*  ^ asp.T1C1|^ X 4 X 10*  ^ amp. X 4 X 10*  ^ aap.
0*0 cc 0,50 0,5 2,0
0*05 cc 2,25 <»
0,10 ee 4,75 3,25 3 ^
0.15 <ic 4,75 •»
0*20 cc 7*50 6,5 5^5
0,25 cc 9.0 —
0,30 cc 10,25 10,5 6^5
0.35 ce 10,75 «* ♦
0,40 cc 13,0 14,0 9*0
0,45 cc 14,5 •>
0,50 cc 14,5 15,0 9*0
0,55 cc 16,0
0,60 cc 17^5 16*0 10,5







0,90 cc 25,5 22,0 10,0
1,0 cc 29.5 24,5 10,0
1,1 cc *• 27.0 12,0
1,2 cc <• 13,5
1*3 cc 34,0 14,25
1,4 cc 17.0
1,5 cc • 38,5 19.0
t# 6 cc m * 21,0
1,8 cc mm «> 26,0
2,0 cc ■* «> 30,0
(Fig* 64, curves Ig 2 , 3)#
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Direct -  These were carried out a fte r diluting th© knoim 
voliE3Gs (4#5 cc, 6 cc, 7 ^  cc) of tl^  original manganic 
sulphate solution (O.O^H) to 20 cc « ith  2 cc gelatine 
and re st m ter# 0*2M E^ j^ FeCy^  m s added frm  the burette* 
Soluti<Hi8 ( i ) | ( i i )  and ( i i i )  are of concentration 0 .01^ , 
0.020AM mjd respectively*
Table m i ,
P otm tial applied -  0*4 volt fmpm 30 ♦ 0,1 ®C*
?oX# of O^M C urr^ t ( i) Current ( ii) Current ( i i i )
X 4 X 10*  ^ amp.X 4 X 10*  ^ amp* X 4 X 10*  ^ amp.
0*0 ce t^ OmO 170.0
140.0
240.0
0*2 ec t€^*0 210.0
0.4 cc 70.0 103.0 1 ^ .5
0«6 ^ 35.0 78.0 120.0
0*7 «e 20*0 •» •»0«8 cc 10.0 2 0 ^ 88.0
0 *9 eo 5*0 m m,
l>0 ee 5.0 12.0
1*2 ec 5.0 12.5 22.0
l»4 cc 5.0 13.0 7*0
1 *5 ec - «> 7.0
l»5 ee - 12.5
l#7 ee — 7 ^2»0 oe •• 7^
i 651 curves 112* 3)
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Reverse -  0*002M ( i ) | 0*0G8^ (jH) and 0*003M < lil) 
potasslm  ferrocyanide la  the ce ll (2 cc^ 2»5 cc and 5 ce 
tt»  o rig im l solt2tlon}» to t^  volvem ma^ upto 20 ee 
w l^  2 cc gelatine atncl pest sulptairic acid (1 *0M) •
0*04M ^  aaa©d from the burette*
7sbi@ x n n  •
P o t^ tia l applied -  0«4 vo lt f«sp« 30 ♦ 0*1 *^ 0,
7ol* of 0*04m Current (1) Cmrent (11) Current ( lli;



















0 4 cc 7.5
0.4 ( X
0.5 cc 1U5










| f 2 cc t e . 5
| # 6 « e ♦
4 ^ cc
( Fig. 66, curves 1, 2, 3)
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TITRATIOfI m (304)3
Direct -  These titra tio n s  were carried out with 0«0l33M(i)| 
0«16^ ( i i )  anS 0*CS04m ( i i i )  coiujentration <jf mangaxile 
sulphate in  20 cc solution in the c e ll . 2 cc of gelatins 
was added as the sta^teosr suppressor* 5 ^  sulpl»iric acid 
in  the aanganic sulphate soluticai was su ffic i^ it for acting 
as the supporting e lectro ly te . 0.2M K^FeGy^  was added 
from the burette*
Ta1bl© m .  
Potential applied -  0*4 volt • 30 ♦ 0*l"c.
?ol* of 0*2M C urrent (i) Current ( ii) Current ( ill)
X 4 X 10*° amp.X 4 X 10*  ^ asp* X 4 X 10"^ aap.
0*0 CC 97.5 142.5 152.50*2 cc • •• 135.0
0*4 cc 64*0 93.0 120.0
0*6 cc - 69.0 1(2.5
0*8 cc 32.75 53.5 81.5




cc 1:1^ 23.25 59.5
1*4 cc 2.7 13.0 41I 5
1*5 cc 4.4 9.25 —
1*6 cc — 6.10 35#5
1.7 cc 13.0 5*0 mi S cc — 5.2 25.5
2.0 cc 27.0 10.25 17.25
2*2 cc 34*0 20.0 10.5
2.4 cc 27.5 11.5
2*5 cc. m 31^0 13.75
2*6 cc « 17.0
3.0 cc 37.5
(Fig* 67, curves 1, 2, 3)
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Rev^erse titra tio n s  (K^FeCy  ^ in the ce ll) coiild not be 
performed since the ■warlatlons In current wei« too sm ll 
to give satlsfactOTy results*
Direct -  0.4 cc (1 )| 0,8 cc (11) and 1*2 cc (111) 
of 0.2451-I CrCl  ^ In the cell* Total voltiae made up to 
20 cc with 1 cc gelatine and the re s t 1 .OM KGl* O.tM 
added from -ttie burette.
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Table XX#




X 4 X 10“^amp.
Current ( ii)
X 4 X 10"^ amp.
Curpent ^ iii)  
X 4 X 10*  ^ asp.
0*0 cc 31*5 52.0 64.0
0*15 cc mu 20*2 •• —
0*20 ce 14.75 «p- 28.5 61*5
0.25 cc m 10*5 ak «
0.30 cc • 6.0 • -
0.35 cc «■ 5.5 ••
0.40 ec m 2*75 - 16.25 ♦
0.45 cc 0.6 • •
0.50 cc m 0.55 mt 6*0 m 55.5
0.55 cc •• 0.55 •• «•»
0.60 cc f 0.50 • 3.5 «»
0*65 cc «* -
0**^ cc 4*6 — «»
0*75 cc mm 1.25 •
0.8 cc 9*5 4» m 32.25
0.9 ce 15.2 «• 0.25 ~
1.0 ec • •» 0*25 ■m 21.5
1.05 cc •>
1.10 cc •» • 0*25 10.5
1*15 cc • 4 4*55 -
t *2 cc •» 9.5 8.5
1*3 ec •» 15^5 « • 2*5
1*4 ec — m 0.5
1#5 ee ■» • • m 0*5
t ec • • «» 0.0
1*7 ec -• 1.75
1*« ee ** «» 8.5
1 *9 cc 22.5
(Fig* 68, curves 1, 2, 3)
Reverse -  0*5 cc ( i ) | 1.0 ec (11) and 1«5 cc (111) 
of ©♦IM K^FeCy^  taken in the cell* Total voliaae made upto 
20 ©c with 1 cc gelatin© the re s t 1 *01^  KC1« 0*24^1 
CrCl  ^ added from boratte*
Tahl© XKXm
Potential applied -  0*2 volt Tes^* 30 ^ 0*1 ®C*
7ol« of 0*245H Carrent (1) Currmt ( i i)  C urr^ t ( i l l )  
CrClg X U X 1<T^  amp* x 4 x 10*  ^ aeip* x 4 x 10*  ^ aap.
168 -
0*0 cc 26.25 42.5 53.5
0.05 cc 19.5 «•0*10 cc 17*75 34.25 49^5
0.15 cc 12.5 m •0«20 cc 7.5 26.5 41.0
0.25 cc 4.0 m «•
0.30 cc •  0.55 21.0 36.5
0.35 cc ^ 0.50 14.5 —
0,40 cc • 9.75 31.00.45 cc -  6*5 •
0.50 cc -  9.5 -  1.5 26.25
0.60 cc -  17.5 •  0.5 19.5
0*65 cc ?  1.5
0*70 cc m •  2.5 14.25
0.75 cc ♦ •  6.0 <•
0.80 cc m -  8.5 7.5
0.85 cc 4*5
0*90 cc m T 3*0
0.95 cc m m m 0.0
l#o cc m — -  0.0
1.05 cc m •  0*0
cc m • * 1.5
i#15 cc • -  3*25
1.2 ce • -  4*5
1.3 cc • •  12*25
( Pig* 69f ctanres 1, 2 , 3)*
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iL3L,a,
commmB OF cuCDi
The resu lts of aaperc®etrlc titr-atloos betwem 
mprom chl<>rid© and potassim  ferro- anfl ferrleyanldes 
ar@ mmm&rtsed as follow s
Table xnim
P o t^ tla l applied •  0*6 volt Temp* 10 ^ 0*t Cl
7ol* of 0.09BH 7ol, of 0*tM KiFeCy, Ratio







111 (Flg*51, ciarvo 1) 
111 {Fig.51, curve 2) 
111 (Fig*51» ctffve 3)
Tol. of 0*tM 
in  the ce ll











111 <Fig*52# cia?ve 1) 
1 : 1  ( F l g * 5 2 t  c u r v e  2 )
111 (Pig*52f curve 3)
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Table jCEUI •
Potential applied -  0.0 volt 30 j  0*1^C#
and 0*06 vsut*
7ol# of 0*098M 7ol* of 0*155M Ratio
C^Clg* K3PeCy^
In the ce ll trm  the ctmres
0«0 volt ,SaHi 0»6 vo^
0 ^  ce 0^5  cc 0.12} 0.25 oe 1: 1.3 I j l j  li2
0.4 ec 0.50 cc 0.3 $ 0.6 ce 1*2 1:0.925l j 1.«
0.5 cc 0*60 Gc 0*39| 0.72 cc t i l #9 1t1} li1 .9
«0i»2 cc, 0.5 cc and 0.6 cc taken yh@a applyins
0*6 volt*
(Fig, 53» carves 1t2f3| Fig. 54, curves 2, 3)
Vol. of 0.155M Vol* of 0.098M Batio
in  the c e ll fras tlie curves
0«0 volt 0.,$, .vaK Pi,9 2i£-22l
0 ^  CO 0.15 ec 0.15| 0.28 ce 1|2.1 1:2j l i t
0*4 cc 0*3 cc 0.3 I C.6 cc 1i2.1 1f2; 1*1.05
0*6 cc 0*5 cc 0*^1 0.82 cc 1i1.9 liU 8 | l i l .
(Fig* 55| curves 1, 2, 3 |) 
(Fig. 56, curves 1, 2 , 3 )
TJrpical aniperoBietric titra tlca i curves are obtained 
for the interaction of cuprous chloride and potassit® 
ferrocyanid© (Figs. 51 and 52) for the different 
em centrations of the react^ its used. The ra tio  111 points 
toimrds the fonsatlon of the cc®plex (^^ite in coloisr) 
according to the stoichioaetric equation!
Ct^Clg f  S  ^  Fe^^Gyg f  2 KCl.
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Th« interaction of eusspoas chlcxride with potasslwi 
ferrocyanlde. presents a naaber of lixtei^esting fu tu res#  
Oonsl<5ering the oxidation potentials of the syst^aasi
^  FeCy  ^ ♦ e ( - 0 ^  volt)
and Cu** ^  Cu^ -* e (-0,17 v o lt),
tl^  ©gullibrim  constant of sroactioni
X Fecy ,
w ill be, Wi — ------------~ z ----  •  3*7 x 10*^
Cu X FeCy^
Tltm tbe ^Riltie of K i t  can be concladied tbat during 
tl»  intdfaeticsi of euppous chlceride and potassiiaa fe rri-  
esmiidQ a large mcfmt of cuprous gets oxidised to the 
cupric s ta te  and consequently the ferricyanide is  reduced 
to  tl^  feiTocyaaia©* X&nJer these eoi»3iti<sss the reactic® 
in  th is case shorald be t
CUgCl^  ♦ 2i:^ FeCy  ^ + 2KC1 -  aCuCl^  2K^FeCy^  
f '
a i a d  a C u C l ^  ♦  ^ K ^ F e C y ^  x 2 K ^ G t i F e C ^ ^  +  4  KClm
The overall reaction \K>uld he t
Cu^Cl^  ♦ aKjFeCy  ^ s  aK^Ct^^Fe^^Cy  ^^ 2KC1
Results on ai^porooetric titra tio iis  support the above 
aecbanisn where a ra tio  Cu^Cl^  * foand to be
1*2 for !x)th the reirerse a»i the d irect titra tio n s {^rried
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out a t 0#0 volt and 0*6 volt* A ra tio  1i1 is  also obtaised 
trm  the break in  the curves a t 0*6 volt (Pigs* 53,
54, 55 and 56) .
Th© ra tio  l i t  tar th© reactants points towards the 
fac t that SO0© of tho cttprons chloride reacts with 
potassiVB f^^oeyanid© to give c^roiis ferric^anidci
T TTT
Ci:^ 0^1^  ♦ K^ FeCy^  * K Cta^  * 2KC1.
laeidentaH y th is roactlon is  ju st the reverse of the 
i^ e ticm  for the form tion of Pznssian blue where K for 
the react lont
-----m
i® of th© order t05» slicing therein tlm t the foitaation 
of fe rric  ferrocyanide should be a slotr process.
Twftiieaf confirEiatioii for the reactim  beti?een 
potassiwa ferricyanlde an£ cuprous chloride was rcjught 
for tsy carrying out titra tio n s betim®i
cupric chloride and potassiua f e n ^  ancl ferricyanidaa 
(Pigs* 5 7 f  5B>* Here the ra tio  of Ct^lgi E^FeCy  ^ and 
C t^2; * is  found to be 3i2* For tiiese ratios tte
ooi^position of cupric ferro- aad ferricyanides would be 
KgCu^  ^ (Fo^^Cyg)  ^ and Cu,^^ (Pe^^^Cy^)^ respectively* 
Pomation of coiipoiiiids with these ccn^oaiticms are not 
»et with \faile considering the in teract! cm of cuprous
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chloride and potassitaa ferp i^an ide.
The white coapXes, cuprous feirocyanlde, is  not as 
stable as the cuprlc ferrocyanide and the precipitate 
slofe'3  ^ chaarjes to a l^atm coloia?ea ok;* The unstable 
imtiiro of the ct^roi:® ferrocyaiiide complex aay he explained
.’;V
ly  ccxr^idering i ts  structii*e. With the composlticK? 
K^CUg^Cy  ^ a coo3?dlaatic»i ntanher four can bo expected 
and the existence of a super coaplex structure K^Cu^Cf^ O)^ , 
Ctt^ Pe^^Cy^* n^O is  quite probable* Further i t  can be 
argued ^ la t the in stab ility  In cuprous ferrcNsyanide 
be due to  the presence of Cu^(i^O)* ^lich is  cjuite liab le 
to imdergo c^dation  to t^e iordc l^pe Cu^^C^O)** »
u,%L m ,..%sh
l^e resu lts of aaq?eraoetric titra tio ra  betw®®i 
titanous chloride and potassiua ferro- nnA fe?ri<^anldes 
as well as tliose of titan ic  clUoride esul potassiiai 
ferrocyanide are sUEfiaarised in  the foUondns tabless
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Table m v .
Potm tial applied -  0.0 volt
Vol. of 0.087K 
TlCl^ In the ce ll











1i 0.85 (F ig.59# curve 1)
1* 0.80 (Plg.59» ctETv© 2)
It 0.75 <Fig.59t curve 3)
Vol. of 0*1 M 
K^ PeOyg




7o l. of 0.(B7t  ^
TlCl^






1*l4Fig. 60, curve 1] 
1i1(Fis. 60, curve 2j 
ItU F lg . 60, curve 3.
Table XX7.
Potential applied -  0.0 volt Tteip. 30 i  0.1
Tol. 0.087H TiCl, Vol. of 0.155J4 










111.2 (Fig. 61, curve 1) 
It 1.04 (Pig. 61, curve 2) 
1t1 (Fig. 61, curve 3)
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7oU of 0*155M
K^ FeCy^
ia  the c©ll
0,4 ce 
1*0 cc






T iC l3  I
tiU 2  (Fig,62, CUTT® 1) 
111 (F ig .^ , curve 2)
Table XXVI%
Potential applied -  0,4 volt Temp. 30 j  0.1 °C
?o l, of 0.093H 
TlOl^




7ol* of 0*1 M 
K^FeCy^
frcm t te  curves
no defin ite break 
0*6 cc 
0,9 cc




(Fig*63, curve 1) 
(Fig*63, curve 2) 
(Fig,63, curve 3)
Potential applied -  0,4 volt Tittp* 30 t  0,1 °C
Iftl. of 0,1M












l i t  (Fig, 64. curve 1)
Is 1.07 (Fig,64, curve 2) 
111 (Fin,64, curve 3)
It!© d irect titra tio n s  beti/e^ titanous chloride and 
potassii® ferrocyanide give typical titra tio n  curves
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(Figs* 59 and 60) for the d ifferent ccmcenti^tlons of tbe 
reactants used* The reverse titra tio n s  give a ra tio  111 
for the two reactants, pointing towards the fonaation of 
the caaplex Tte stoichioaetric reaction
h& \irittm mat
TiCl^ ♦ S mFeCy^ 5KG1.
Hiom h^ coicordant valties for the natios of the tm  
reactants are i«>t realised fosr d irect titra tio n s , these 
UB^  b© approxisiated to 1tO«75* From th is ra tio  the complex 
fora^d CO adding tit^ u:K>us chlcxride to potassiun ferrocyanide 
should have the composition according
to  the equation*
4 TiCl^ f  3K^ FeCyg •  Tl^Fe(Cy^)^ ♦ t2KCl*
Carves for titra tio n s  between titanous chloride 
and jKitasslm ferrlc^’anide (Fi=;:s* 6l and 62) are different 
from the typical amperooetrlc curves* Both for the direct 
aiad the reverse titra tio n s  a region of ccmstant current 
(aero) exists* This unusual behaviour can be explained 
in  tw o  waysf (1 )  the teMenc^ of the cosplex to hS^olyscf 
and (11) the adsorption of added ferrlcyanlde ions by the 
freshly precipitated ccmplex  ^ Ccaisidering the direct 
titra tio n s  i t  may asstaaed that the ^aall isioont of 
titanous ions released frc® hgrdrolysls react with ^  added 
potasalm  ferrlcyanlde thereby causing negligible variations
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In the current* Aftermrdg* when the released tita n lta  
Ions are eorapletely used up, an Increase in  current -  
tftlces place due f» the excess of ferrlcyanide ions, k 
sim ilar reasoeiins can be siv®a for the reverse titraticais 
a lso .
That the eoapositioin of the conplez fomed tbe
interacticai of tit^ o u s  chloaride and potassium ferricyanide
III  I I I  ——can be simply represented by Ti Fe Cy^  (Ti t FeCy^
as 111) appears to b© highly inprobable in  view of the 
oxidation potential existins in  the systeiat
Ti ;?i Ti -  o (-C.06 v)
the ©quilibriua constant of the reactiooi
Ti 4 FeCy, - = * ? ! ♦  FeCy.
Ti X FeCy, g
v i l lb e  Km --------- . _______ r_____  = 2.7x10*^
X  FeC y^
The large value of K in  th is  case points towards 
the fact that most of the titanous ions should get oxidised 
to titan ic  ions during the course of the reaction and tl^  
feiTicyanide is  reduced to the ferrocyanide# The reaetlcm 
would then take tim co rse t
TiCl^ ^ KjPeCy  ^♦ KCl « ¥ TiCl^
and TiCl^ ♦ K^FeC^g « Ti^Fe^^Cy^ t  4KC1*
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The vien point tbat tita n ic  f^rroayanid© is  farsiedl
lay th© interactlcjn of titaiKJUs chlorld® aod potassim
ferr icy a n id ©  fta^s sepport in  titra tio n s  1>etif«ea titan ic
eblQ3*id« ajaA potassim  ferroeyanide* In tM.s cafie the
curves ^3# 64) also sho» a certain  rmm^ of
cmst&asy and a better indication of the hydrolytic
B^SmnBmaamm occuring in  titanitra fearocjetmgrn coaplexas
is  provided • In th® reverse titra tia a s  Hie cmrrent in
the in itia l  stages of the adaition of titan ic  chloride
81^14 refaain aore or less constant mad i t  shoiald rise
only a fte r the cc®plote precipitation of titan ic
ferrocyanlde, Ifee increase in  the in it ia l  stages can,
therefore, be only d‘je to the Igrdrolytic currsnt* The
f la t portion in  the titi» tio n  curves might b© due to
adsorption alone. The ra tio  of the interaction of th©
two reactants a ^ n  coiae out to be 111, shmiing thereby
IV TIthe exist^ace of the coi^lex Ti Pe Cy^ #
Frcm the abo'^ discossion fe»o facts ©lerge out
(I) tl»  reaction between titanous chloride and potassiiai
ferricyanide gives two c^^aplezes, naroly, T i^^^^^C y ,
IV IIand Ti Fe tfae proportion of the la tte r  ccHaplex
dep«^ing on the extent of oxidation of f i^ ^  to
(II)  these <«>aplexes are endows with both l^rdrolytic and 
adsorptlYe properties*
Titaniija ccaaplexes are ^1 1  known for their 
feQT^olytlc behaviour* According to  H* Tanb© (Cheiaical 
Iw iw , 1952, SSU titanous and titan ic  hejsa
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coordinated complexes should be lab ile  in  character 
v irtue of the vacant penultiaat© d-orbitals le f t  after 
hybepdisation* Results based on as^eroBetrlc titra tio n s 
support th is view since sufficient inforiaation om the 
hydrolytic nature of the ferrocyanog^ cooplexes oS 
titanium is  available fraa the natijre of the titraticm  
curves*
m m m m s  o f  i i a c i i i i t
The resu lts of aoperoaetric titra tio n s  betn««i 
MBipmic sulphate and potassim  ferro- and ferricyanid^ 
are somarlsed in  the following tablet
T&ble XOTl,
Poter^tial applied -  0,4 volt femp. 30 ± 0,1 ®C*
Cone, of l& idii) 7ol* of 0*211 K FeCy. B l^o
in  the ce ll ftpoo the curvets ° t FeCy^
0«0l€^ 0*8 cc t i l  (Fig* 65# curve 1)
0*C2M 1*0 cc 111 (Fig, 65, curve 2)
0t02UiiU 1*24 cc 111 (Fig, 65, curve 3)
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Cone* of K.FeGy Vol* of 0*2K K.FeCy, Ratio
in the oelH  6 ^  ^  6  ^ -----
0«0C^ M 2*5 ce 2*5*1 (Fig*66, ctirve 1
©♦0€^ 5!! 2*6 cc 2*06t1(Fig*66, curve 2
0*003K 3.0 cc 2f1 (Pig*66, cutto 3
Tabl® XOTII,
Potential aprlic^d 0^4 volt twa^ m 30 t  0»1®C«
Cows* of !fn(ili) 7ol* of 0*2M RsFeCy  ^ Batio
in  the ce ll ^  ^  ^ , ?«Cyg“
0*0133K 1*3 cc 1t1 (Fig*67, curve 1)
0*C16&4 1*7 cc 1*02t1 (Pig.67, curve 2)
0*021! 2*0 cc 111 (Fig*67f curve 3)
Ttie possible reactio®^ h&tmm anEtganic sulphate and 
potassiUD ferroc^aniue my be pepressited as follo&fst
(1) 2 !t^  <^V 3 ^ ^ ^  ^
(2) ^ ^ ^  2Klti^^^Fe^^Cy  ^ ♦
(3) Mng (30^) 3 ♦ 2K^FeCyg 2!toS0^ 4- 2I^FeCy^ + K^SO^j^
fo llo i^  Githca*
(4) ^=^V3 ^ ♦ ^®®4
(5) 2!!nS0  ^♦ 2 K^ FeOsr^  ^  2 KIla^^Fe^^^Cy  ^ 2K230^
!Hi0 Pactions (1) md (2> \iould teke place wh«a
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manganic sulphate and potassium ferrocyanide combine in 
the ra tio  2i3 and 1i2 pespsctively while reaction (3) ar«3 
<4) combined would give the ra tio  111 and ( i i i )  and (v) 
cotabined would give the ra tio  1i2*
The ampOToaetric titra tio n s  carried out witJi 
me i l l )  in  the c e ll give a ra tio  l i t  (Table x m i) ,  
providing proof for the existence of the complex 
Mn^^^Fe^^^Cy ,^ the overall reaction being,
2m^ (SO^)j ^ 2 K^FeCy^  -  2Mn^ ^^ F©^ ^^ Cy^  ♦ aHnSO^^
Re^rse titratlcm s give the ra tio  to FeCy^**** as
2t1 , This ccobining ra tio  does not f i t  in  the leehaniwa 
motioned above. The probable reaction for th is ra tio  
my bOji
Kj^ FeCy^  ♦ s KI!h^ ^^ Fe^ C^y^  t  3Klto
This reaction brini:;s out one important fac t, 
waaely, the confirmation regarding the existence of the 
eaaplez anion l*!n In the manganic solutlcm
(IJbbelohde -  loc* c lt* ) . But i t  Is rather d ifficu lt 
to  visualise extent to which the foptaation of 
Ito (30^)^* \fOuld take place in  the aansanlc sulphate 
solution {after interaction ifitii potassii® ferrocyanide) 
In view of the high <aidation potm itlal In the systos 
under Investigationt
F«Cyg* FeCy  ^ t  e (- 0,44 v)
^  Hn^ * t  e ( -1  «51 v),
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the equililHplia ccmstaat of the reactiont
FeOsr^  ^ ^  Fecy^
w ill be E •  _____  « 1*3 3c 10^^*
FeCy  ^ X l'!n
* ® Pro® ttee mper<metrlc titra tio n s  b e t^ ^  ISi(lii) 
a»3 potassitBS ferricyanide, the CNseibinlng ra tio  cooes out 
to 111* Here a ^ in  the proof of the presence of the 
ccaaplex anion IlnCsOji^ )^  is  forthcoaing since tlie only 
possib ility  of the forsation of the insoluble complex can 
be accortiing to tho equations
KjPeCjg ♦ t  KgSO^  * KIto (SO^)^.
ssSD  ^ •  KjEBSZg ra»8ttoB»
The resu lts on the aaperenetric titra tio n s between 
chromoi:^  chloride and potassiiM ferricyanide are 
suomarised belowt
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m z«.
P otm tial applied -  0*2 volt l^ msp* 30 ♦ 0.1 ®C# •
Vol# of 0*24^4 Tol. of 0 , t H  K-jFeC .^ Hatio
CrC3^  in  th© ce ll trm  th© curves ^ i FeCy^
0*4 cc 0*46 cc 2^04 t 1<Flg*68tCt2rve 1)
0*8 cc 0*96 cc 2*04 t 1(Fig*68,ctirve 2)
t *2 cc 1*45 cc 2*02 t t(Flg*68,curve 3)
7ol, of 0*1 M K^FeCfg ^o l. of 0*24^ CrCl  ^ Batlo ^  
in  th© c e ll fjo® the curves C r^  i
0*5 cc 0*3 cc 1*47*1 (Fig, 69* curve 1)
1*0 cc 0*55cc 1 *35t1 (Fig* curve 2)
1*5 cc 0*95cc 1«5 f t  (Fig* 69t curve 3)
Ihe foraatiofi of the insoluble c<aapl©K, yello^sh  
gemn in  colour* by the interaction of eiirQaous chlorid# 
4Kid potassltta ferricyanide may take place according to the 
foUo^ring stoichiOTOtric equations i
KCl(1) K^FeCy^  ♦ CrCl^ * KCa*^ e^^ ^^ CJy^  ♦ 2
(2) 2E3FeCyg 3 CrC2^  s  Cr^  ^ ♦ 6 KCl*
me resu lts of the reverse aaDeroootrlo titra tio n s
poiMt toifards the fcaswition of the coaples Cr^^^(Fe^^^Cyg)2
(Cr f FeCy^ * as 3*2)* Ho clue regarding tiie existence
of the cGHnplex K Cr^ ^Fe^^^CIy is  forthcorains <m th« basis
6
of the amperoKiGtric titra tions*
m m m  w
m s m x m m m  c tm m m s
4HD
m ) m u d
The cjosplexes fon sed  by th e  in t e r a c t io n  o f  molyMenura 
s a l t s  w ith  p o ta ss lim  f e r r o -  aM  fe r r lc y a n ld e s  a ls o  faU  
iSKler th e  c la s s  o f  ccaapourris \daich sa y  be termed a s  ’ l e s s  
tm d liM P  ferrocyaiK ^ en  ccmploarea*. Very l i t t l e  ai^pears 
to  have b em  done to  e lu c id a te  th e  c<»apositiOR and 
p r o p e r t ie s  o f  th e s e  c^ipotm ds* fhe only r e fe r e n c e  worth  
Benticm in^ i n  th e  work o f  S* Pani &sd D*V«H« Bao (Current 
S c* , 1953* 237) who rep orted  th e  fo r a a t io n  o f
Bolybdenura ferro cy a n id e  i n  th e  lo ^  |»II range by the  
in^earacticm o f  p o t a s s im  fe r r o ^ a n id e  a M  s » ly ! ^ ic  acM #  
They a l s o  t r ie d  to  determ ine th e  cocipositicm  o f th e  
In s o lu b le  com plex th e  con siu cton str ic  t ite m tlo n s*
PrellM nary eacp«riaents showed that aolybdeniea 
ferrocyanide can exist both in  the form of so lt^ e  «[iil 
Insoluble coapleses, their forcation depei^iag on the 
OQoeentratlons of the reactants as well as on the pH of 
the medii®. For exsmple, a t ordinary concesitrations of 
the reactants in  acidic solution |^ I range 2*9 to 3*8 
(HCl aediuni), a dark b^romi precipitate is  obtained ^ i2 ^  
in  the pH range 4*0 -  5*2 (iKH. •  H&c medium) a soluble 
omplez is  fcmied* Xt tms further found that intei^cticm 
of d ilu te solutions ty£ the r^ c ta n ts  0^/500, !|/400) also 
resu lts in  the form tion of a soluble cKxapl^* 51je 
eosplez further i^oifed the ti»ideney to pass into the 
colloidal sta te  and with highly concentrated solutions
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M gel is  obtained*
Studios on tlie ccmposition of the coEiplezes fozaed 
1:^  the Interaction of Mo(’rt) vith  potassium ferrocyanid© 
aiKl those of Mo(ill) with potassiuta f©rro- and ferrieyanide 
weir© undertaten* Conductoiaotrie, potenticsjaetric and 
asperonetTie sietteds were ©mployed for the insoluble 
complexes spectrophotodotric methods were used
for studying the soluble one. Prellninary experiments 
on the colloidal behaviottr of molylxientjm ferrocyanide 
is  described in the neait chapter#
 I.,A If. ■
§.9kmgi§.»
50*0 .30s of A*R# Dolybidic acid was dissolved in  
Q(S3c* HGl (free from iron) and tb© to ta l voIuto oade upto 
cc with double d is tilled  water. The strength of the 
solution was deteriaiaed graviaetrically by precipitating 
HoCvl) as lead cholybdate (Seott*a standard me'^ods oC 
chemical analysis« ITol# I ,  ld« I ,  p. 589)* atreogth 
was found to be 1^ /2 #504# The solution was diluted with 
double d is tille d  iRUt^ to get solutlxa® of requisite 
concentrations*
MeiliridkBnuii trich loride solution %ms preimred by 
the r©ducti<m of laolybdic acid solution# A* Chilesolti,
-2* Elcctro* ChGQ.^  1906, 146; 173), 4*3Z« oolyMic
ttcl<3 solatium was prepared in  AflilCl sBfl talses in  a potpoos 
pot* This m s kept In a Iseaker containing th© saae 
electrolyte and B0tv$j^ as the anode compartODnt* A 
platim is plat© of abotit 4 sq# <as# surface area ia s  as©d 
as the aiK)de ansS a tafight platimffii as the cathode,
the storfaco area of ihe cathode l»ing larger (12«5 sq. cm*) 
than that of anode« The r^ u c tio a  proot^ UsKl aaoothlyt 
the solution f i r s t  ctoaging to gi^en and then to bromf 
tl^  reduction was coBplete in 2*5 hoars* The redacti<m 
if&s carried out a t a current density of 0.5 anp/cn^ using 
a Fischer Electrode analyser*
The strensth m s detorain^ hy titra tin g  5 cc
I>lo(iii) solution t  10 cc ^mter 4 10 cc d il H SO, against2
0#57M KltoO^ * The titra tio n  %«is qtiite successful and 
a change in  potential 0*35 volt ^ s  observed a t the mSL 
point by the addition of 0*2 cc of the titran t*  The 
strengl^ was found to be 0*113M*
PotassiiM ferro- and ferricyanide solutions \/ere 
prepared by dissolving A*R* reciystallised  sample of 
l^tassium ferroc^mnide and recrystalllsed saaple of 
potassiisn ferricyanide* Hae strencths ^ere determined 
by titra tin g  against IDtaO^  (for the ferrocyanide) and 
iodoEietrically (for the ferricyanide)*
fba memmmmmts v@re mde %fith 3osch and X.<x3l> 
«^peetr<mic 20* # Botii Job*s E^thod of cmtiuooas 
variation and Limiting lograthia method were used to 
dot«nsin@ til© emposttion of th© aolybdeBt© feprocjmnide 
complex* The fo im tlon  constant of the soluble coaplGS 
¥as deteraiined tsgr canning out absorption stid ies a t 
two d ifferen t ccsicentratimxs of the reactants, vis**
^'400 and 1^500*
m m m m m Q .-
The titz«ticm s were carried out a t three different 
concentrations of K^PeC^^  {WhOO, M/6lC^  and iVSOO) agftinsi 
M/iO Jlo(vi) soluti<^* ftm measiffcaaents ver« iad«. ^*ith 
the help of caalsridge ^3ductivit3r bridge aojliel So»I350l4< 
with caactactivity c e ll E a 0#1« Direct t l t^ ^ c b a  i^ th  
Ho(vl) in  the ce ll could not be performed since small 
variations in coi^iuctances M&pe observed due to  t^e 
pres^ce of large m m at of HCl^
m m m m m p , n m m m *
Both d irect (molybdenwa in  th& cell) and reverse 
{potassim  ferrocyanide in  the ce ll) vere perforined.
For the d irect titra tio n s  t^iree different concentrations
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€«P stA ?^ea?e ijsed* Sliiilar
conc©nt3?atlisiis «f potassim f®crocyaaid® used fcsp 
reverse tdltrati<3Eis also* A l i t t le  amcmt of 
potassiiE3 ferric^n lde ti«ui addt^ id to the potassim 
ferrocyanlde solution so ^ t  i ts  coficentratlcm \ias oot 
a«sp© than 0*05  ^ of to ta l ccsieentraticm of the 
ferrocyanide ia  the solutioa* E.H^# seasairaa^s were 
done witii T insl^  potsntiooeter lanp scale ajwange- 
mmt* Smooth bright platisiEi ^ r e  used as the 
ia i l^ to r  electrode and S*C«E* as the Tet&emoG electrode, 
tim observsaticais are tabulated belotri
m m .m w i^i
H ixtoes ( i)  to (ix) contain t cc, 2 cc, 3 cc -  -  •
♦  ♦ -  •  8 cc, 9 cc !lo(vl), and 9 cc, 8 ec, -  - -  —  -  
Z cc^ 1 cc of egtiBl ecmceatratiaas dVAOO snd
W/500 fo r the tyo sets)* ^  alnorptioQ of the reactants
for the wa’sre length ran^e 425 to &X> sm vas too sm ll in  
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Wave




( ii )  ( i l l )  (iv)
F irs t Set <lV500)
OiS)* 0«)D* 0«D« 0<J)« OwD*
(v) (vi) (v±i) (v iii) (Ix)
425 m 0*1120*1
0.335 0.470 0.57 0.66 0.70 0.70 0.% 0.32450 2Ri 0*246 0.345 0.415 0.585
0.345
0.53 0.52 0.435 0.235
475 au 0.092 0.1^5 0.150 0.30 0.38 0.39 0.33 0.18500 ma 0.072 0.145 0.11^ 5 0.225 0.26 0*29 0.305 0.25 0.125
525 BU 0 .0 ^ 0.102 0.135 0.17 0.19 0.225 0.245 0.195 0.115550 BTO 0.051 0.09 0.112 0.t^5 0.165 0.185 0.1 SB 0.17 0.09
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Table I I ,
ojy.






0«D« 0J)« 0«D, 0*D«
(vi) (v ii) (v iii)  (IX)
450 I3U 0.24 0.245 0.65 0.98 1*4 151 1*8 1.4 0.55475 iiu C.15 0.315 0.3^ 0*75 1.1 1.5 1.25 0.41
500 nu 0.115 0*23 0.355 0.59 0.85 1.25 1.25 0.95 0.33
525 su 0.088 0*16 0*265 oJ^5 0.6B 0 .^ 5 0.925 0.725 0.255
550 nu 0.065 0*12 0*195 0*325 0.53 0.69 O.fe 0.26
575 su 0.060 0.09 0.1 ik) 0.245 0.40 0.49 0.49 0.3S 0.20
600 mi 0.045 0.075 0.10 0.185 0.31 0.36 0.355 0.295 0.165
CFi2, 71 )
* 19a -
Gb Iceepli^ ihe rajUtures of Mo(vi) md K^ PeCy^  
ovomicht tdie brcssm coloor bec^ iMi acre In t^se*  Ihe 0*D. 
of the M stiires (1) to (Ix) oeasured af^ &r 24 hours.
I t  was observed tha t the 0*D* imlues incn^sed aarSbsd^ sr* 
Observations for aisttires obtained nlslng reactants 
of concentration l|/500 each are givm in  the follcRJiag 
tahiet
TBhlB I I I .
Vftire 0«0. 0.I). Oipm O«0» O.D. O.B. O.D. OJ). O.B,
Im gth (1) (11) ( i l l )  (iv) (v) (Vi) (v il) (v lii)  (is)
4^5 0.85 0.94 1.2 1.3 2.0 1.8 1.2 0.46
450 281 0.4? 0,56 C.71 0.85 1.25 1#^ 1*3 0.85 0.35
475 0® 0.28 0.345 o M  0.&  0.925 1*1 1*05 0.67 0.25
HU 0.225 0.27 0.40 0.5 O.TO 0.9 0.85 0 .^  0.2
_ 5 « tt 0^3 0.245 0.35 O j« 0.68 0.74 0.68 0.46 0.16
550 Em 0.265 0.28 0.375 0.41 0.6a 0.62 0.54 0,35 0.13*
575 HQ 0.36 0.24 0.44 0.44 0.13 0.55 0.45 0.29 0.12f
600 mu 0.48 0.43 0.54 0*50 0 .^  0.52 0.41 0.27 0.12
Stnce the McKvi) solntic© c<mtaii^ li^rochloric acid 
i t  ib  quite likely  that the pot^issli® ferrocyanide gets 
sloir3y decos^josed Ijy the l^?dros^ icms. n / ^  solution 
of K.FeCy 9 cc, 8 cc, • - - - - - • - 2  cc, 1 cc -ms 
mStamd with 1 cc, 2 ec, - . • - - • - - . - 8  cc» 9 cc of tmter, 
fhe pH of Urn ca»lgiiml solutiCBQ was hTOUght to
2 hsr addlsf d ilu te solution of HCl itim  pS of Mo(vi) 
solution 2 . fhe ferrocj-anide aolutions v&te kept for 
24 hours) OJ). 3^3asured.
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Tal3le  17*
0 ^ *  0*D, 0*!>» 0*D« 0«D« 0*D* 0«D« 0«D«
(1) ( l i )  ( i l l )  <lv) (v) <¥i) (irli) (v lii) (iz)
425 s» 0.€5 0.6 0.5 0.465 0.365 0.3 0.225 0.15 0.072
0.04450 sn C ^ 5
0*14
0.29 0^3 0.215 0*170.c .^
0.14 0.105 O.O7B







0.115 o jm 0.09 0.07 0*03 0.C13
525 am 0.14 0.1 0.105 0.072 0.06 0.05 0.028 0^
550 m 0.2 0.2 0.14 0.145 C.1 0.065 0.045 OM
5 ^  aa 0.285 0.290 0.2 0.22 0.15 0.12 0.095 0.06 0.028
600 as 0.4 0.4 0.275 0.3 0.205 0.17 0.125 0.075 0*038
F^ob th© above table i t  i s  evident tbat although 
<Silot€ potassiiEi f^PTOcyanid© solution stows very l i t t l e  
absoi?pti<m in  region 425 to  600 seu ,  addition dt 
saaUL maoittit  of hgrdrochloric acid (pO 2) brings about 
the decoQipcsition of the soltttioii ani apiareciable 
absorpti<m is  obsOTved a fte r four hoiirs* However,
ti30 ‘iftlxies are mich lesser than those for the 
alxture of llo<vi) and K.FeCSjr Ijsept unlar ttieH- 6
eoo^itions*
Th0 plot of the dlffeapeBflW 0«D« of the mixture 
and potassitBi f gppocgranide soliition ai^ volume of 
Mo(vi) are p^ws^ented in  Fig* 72»
uati. k:s:BK:t;;::;:K!!rt!S!HBs:K;—‘JS:pj;Sa::
PsOilHPHtjtWWiTRniiniiPt:-:JuUBl4ni;»rfi]u4ij
S u m ii«•*- VMMMwatllkM
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LlialMnr TBTOrit.hn nnt-.hnd.
prepapedt
Ths following mizttipes %r©r«























, ec 0«o ec 
C*B cc 
1 *0 ce 
1.2 cc 


































The OJD* of mlxtaipes contalnlnG fixed 
Ho(vi) an/a varying ®aoonts of versa was
stred*
Table 7 .
W&vc 0.D* 0#D# OJD« 0«D« O.D« 0.D#
length (1) ( i l )  ( i i i )  (iv) (v) Cvi)
0«D« 0J>. O.D« 0*D«











































































( Pig. 73 )
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table ? I ,
(Taryiiig aoouists of l|/500 flo(vi))
M m  0«B« 0»D» 0»D« 0«l>« 0*0« 0*D, O»0* 0 ^ *  0«D, 0«D«
Imam  Ci) Cii) ( i l l )  (iv) (V) (Vi) (v ii) (v lil)  (Ix) (z)
425 au 0,038 0,0? O.tt 0^03 0.203 0^3 0*28 0^25 0,^9 0 .^5
450 m  0.18 0.35 0.0? M 2  0 .t4  C.1650.2 0.225 0.27 0.28
475 m  0.003 0.02 0.04 0.06 0.<«5 0.1050.125 0.145 0.1§ 0.18
500 HU 0.001 0.01 0.02 0.04 0.055 0.0620.C«5 0.1 0.12 0.125
525 sa 0.0 0.008 0.018 0.CS8 0.035 0.0450.055 0.06 0.085 0.075
550 mu 0.0 0.002 0.01 0.02 0.02 0.0250.04 0.04 0.055 0.04^
0.0 0.002 0.008 0.01 0.015 0.0150.025 0.025 0.045 0.035
0.0 0.001 0.005 0.01 0.005 0.01 0.02 0.02 0.025 0,025
( n g .  74 ) .  .
VarylBS anounto of li/i 00 !!o<vi) o cc» 0.2 CC| 0.4 cc 
cc, 3<i8 ccp 4.0 cc were to
to  cc ot li/%0 K^FeCy .^ niie to ta l voltEss uas mde upto 
14 cc with mteTrn The nlrttjres were kept ovei^ght and 
0J>. measured. In mlstia*es etmtainlng larger proportioai 
of Mo(vl) turbidity  appeared on keeping. M eaatree^ts 
could not be Carried out a t 425 nu. At 450 and 475 au 
solutions containing 3.2 cc, 3.4 cc, 3.6 cc, 3«  ^ ce, 4 cc 
aaid 3.6 cc, 3.8 cc, 4.0 cc Mo(vl) the absorption values
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uent out of range. Scan© of the resu lts (a t a few select©! 

































0.85 1.0 1.1 




































(P is. 75 )•
Frm the ciarves i t  Is  evlflent that 3eer*s law Is not 
f o l lo ^ «  Only a t 425 HU for lorer concentrations of 





C T p ttH fe ^ i g l H H y i i r a B i T n ^Iid^ ti^ ::ihitf1|t|jtii;^ i4tih4to4»41<*<*[iii 1 «44»l * «4' t'||f|**l*» i^ *Hr
I ~ I 1
??f|Srf^  Wl
3±
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IP, u m m m
40 cc of 1 /^400, W600 and m/BOO K,FeCy  ^ were taken«»■ 6
la  the c e ll. It/10 !!o<vi) was added from the teott© *
The solutions are designated as 2 ©nd 3#
fame VIII* o
30'^ C.
irol« of 0*tH Solution t Solution 2 Solution 3
llo(vi) concJac^^cc eoBdu|tanc0 condi^tance
-------------------------------------- ----------------------------------------------------------------------a J l g l - a t e ____
0,0 cc 0,455 o a s  2,475
0,1 ce -  0 ,^ 5  0*434
0,2 ee 0.73 t,03 0,79
0,3 cc •  1,31 1,15
0,4 cc 1 ^ 7  1,63 1,52
0.5 cc -  1,91 1.88
0.6 cc 1,89 2,18 2,15
0.7 cc -  2,38 2,35
0,8 cc 2*^5 2,66 2,65
0,9 cc * 2,9 2,95
1*0 cc 2,95 3,28 3,25
1.1 cc -  3*6 3.55
1*2 cc 3,45 3«85 3.85
1.3 cc ♦ 4,05 4,1
1.4 cc 4,0 4,175 4,3
U5 cc -  4,3 4,7
1.6 cc 4*6 -  4,9
1.7 cc 5.125 5.2
l i  ec 5 4  5*5 5.45
1*9 cc ^  • 5.75 5.8
2.0 cc 5#7 - 6,0 5*9
2.2 cc 6*2 6,35
2.4 cc 6,8 6^7
2.6 ec 7 ^  7*t
2.8 CC 7*6 ♦
3.0 cc 8.1 8,3 *
3.2 cc 8 *55 »
3.4 cc 9.1
3.6 ce 9*5 •
3.8 cc 9.95
4.0 cc 10,4 •
(FigJ 77. 78)•
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20 cc W50 and !^IOC lioCvi) taken la  th©












0.0 cc 0.314 T 0.38 V 0.323 7
0.2 cc m 0.341 n
0.4 cc m m 0.347 n
0.5 cc 0.351 » 0.383 St
0.6 cc m' 0.324 a
0.8 cc m 0.289 a
1.0 cc 0.375 « 0.369 If 0.275 n
1«2 cc mm m 0.2fe It
1.4 cc • • 0 .2 ^ ff
cc 0.3B5 • 0.319 m
cc » 0.251 tt
1*8 cc «> m- 0.249 It
2 * 0 cc 0.384 » 0.291 9 0.243 «
ec mt 0.242 fi
a . 5 ec 0.378 « 0.280 tt 0.238 n
3.0 cc 0.355 « 0.276 9 • •
3»5 cc 0.338 » 0.268 a
4,0 cc 0.329 " 0.267 » m
4.5 cc 0.314 *» 0.263 f i m-
5.0 cc 0.319’* 0.261 f t m
6.0 cc 0.310 « — •m
7.0 cc 0.302 '• m
8.0 cc 0J298 ** m «»
9.0 ce 0.293 ** m- •K*
10.0 cc 0.291 « m m
( Fin, 79. 80, 81)
Iffflj jnj
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fhe y©veP3© titratiom  wore cappled out with t|/25(I)j
^50(11), and 1^100(111) K.FeQr  ^ In tl^  cell*  ^10  !lo(vl)4 6
added fpcsa t^e barette* Re^dincs te^en a fte r a f m  
oinutes a fte r the addition <sf the titim it so t:hat constan<^ 
In j^ ten tia l Is attained*
Table X*
7ol^ of 0,1 M 






Solution III  
P o t^ tia l
0*0 cc 0,0395 V 0,04if
0,118
? 0,<^2 IT
0,5 cc 90 « 0,141 «
1«0 cc 0,104 tt 0,183 n 0,185 «
U5 CO 0,214 n 0,215 **
2*0 cc a 0,238 a 0,235 «
2,5 cc «» ©♦253 tf 0,25 «
3.0 cc 0,190 a 0,269 w 0,269 **
3*5 CC! •» 0,281 ti 0,286 «
4,0 cc 0,250 a 0.291 tt 0,307 *»
4,5 CC «• 0.303 nt 0,317 «











6*5 cc •• 0,3395 tt 0,346 **
7%0 cc 0,309 H C.349 n 0,346 «
7%5 CO •> 0,359 n
??,0 cc 0,32 9 C.369 tt









10,0 cc 0,34 « 0.403 ft m
11,0 ca 0,345^ O C.405 n ■m
12,0 cc 0,355 n 0,505 ft ■m
13,0 ca 0,361 fi <• m
15*0 ce 0,35^ tt •»
17*0 cc 0,368 tt «» m
19.0 cc 0,400 n
a i , o cc a m
22,0 cc u •* -m
24,0 cc 0,443 n m








,'j 1 p• ■ 'it | ¥ ] ^ r t | | f .  f)|i|][i
f f i |3
u,
5^r z7.
m in i)  * P0!gAS3iTiM gmnocTAMiE ^ m x t
Ths coiipositicm of dark l^roiai precipitate, 
obtained the liit^ ac tlo n  llo (iil) and 
d«te3rnlE®d potontioiaetrically aa well as "b^  thf> help 
of conductcsastrie titra tions*  PotentloBGtrlc netiasd 
proved to he unsuccessful bat the conductooet??^ laetJxod 
could pro'/ld© resu lts  of so®e mlu©*
40 ce of M/UOO(I), I|/533 (II) and 1^106? ( I l l)  




Vol. of 0,1 M Solution I Solution 11 Solution I II
IfeCl^ conductance coJ^uctanc©
0*0 cc 0*44 0.35 0.1 no
0,1 cc «> mf f^190*2 cc 2 ^ t m0*3 cc 3.25
0*4 ee 
0*5 cc ¥ 3 ^
4*30
5.15
0*6 cc 5*5 5*1 5.8
0»7 CO m 6.3
0.B cc 
0.9 cc 7 f
6^25 7»25
8*0
1 # 0 cc 8^3 8^5 8 ^1^2 cc 9.7 9.8 M1*4 cc 1t#0 tl.1
1 *6 cc 12*4 12*3 12.4
1 *B cc t3#8 13*8 13*72mO CC i3mO 14*9 15*12*2 CC 16.2 16*2 •
2 *4 cc 117.5 •> m
2.6 cc 18*8 18.2 m
2*8 cc «» 19.4 m
3*0 cc 20*05 20*5 m
3*4 cc 22*25 • ■m
3 *8 cc 24.5 *• m
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i M l i l )  POI»ASSim! g^RRlCYAriIDS. ..mi#I^.Xt
CcKidtMtoBetric snd potm tiorotrie titm ticas 
aetdaods iroap® «aployed for the elucidation of ti»  
eoH|>asitioii of th© la ^ ip ita te  obtained by the
in tei^ction  of !So(iii) chlorid© v itii K^PeC^^* fli© 
resu lts obtaiuQd these techniques ^ere coofiiaed 
!jy the aap^^ocKJtric titra tions#
Conductometric titra tio n s  with potassitsai 
ferricyanido in  the contiuctixnty c e ll i^ore successful • 
40 cc 1V200 (A )^ ,  iV^ OO (Ag) * !^800 (A )^ potassium 
ferricyaaifle were taken in the ce ll and titra ted  
against 100  Ho<iii),
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Vol* of ®*1!! Solution 4. Solution Solutitm
ItoCl  ^ ctm&uctBme  ^ conductance^
H, ______at 19'^  BiWB___ X to '^  cams
0*0 cc 0*75 0*405 0*22
0*1 ee •• 1*34 1*21
0«2 ee 2*5 2*45 2,34
©•3 cc •» 3*55 3*3
0*4 ec 4*09 4*2 4*2






l- J1 *0 cc 9 ^
t#t cc «» 9*6 9*4
1 *2 cc 10*1 10.2 10*2
t *3 cc - 10*9 10*9
l»4 ec t l j f 11*8 11*7
1*5 cc «• 12«3
t *6 cc 12,7 12*8t .7  cc 13*2 *»
t .S cc t3*7 14*1 m
2*0 cc 14*9 15.B ♦
2»2 ec 16*9 16*5
2.5 cc -» 18#1 -«o
2*6 cc 18*7 * <•
2*8 cc 19*9 **
3*0 ee 21*0 «•
3*2 cc 21*9 «[» **
3 *6 ec 23*7 m m
4*0 cc 26*0 ■ m
4*4 cc 





4«8 ee 3 9 ^ m If
^•0 ee 30*3 • #■
(Bigs* 88, 89t 90)*
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WIBauBMBliaP T im no iia 111) AH) Kj^ eCy i^
Direct tltpa tlan s were earrlea out xritii 20 oc 
Fy25(l)» lV50(il) aaa l!/1«0(lii) IM l^ in  tho c e ll.
KjFeCy  ^ so lu tlm  m s addetl from to© tnirette* 4 
l i t t l e  potassiOB foprocyani^ «&9 to  the potassiia
ferricyanids solution tn  ocpdsr to  have FeCy "^
+ © couple*




Ttmi 3 0 \
Solution <ii) Solution < iii)
Potent ia l Potential
0*0 cc 0.130 y 0*120 7 0.257 7
cc • m 0.256 n
0*4 ec - m 0.256 a
0.5 cc 0.140 It •
0.6 cc «» •» 0.260 ct
0 ^ cc • • 0.265 ti










t.5 cc • 0*165 t t








2.2 cc » «* 0.313 a
2.4 cc •» m 0*317 ft
2.5 cc 0*173 f t —
2*6 cc • 0*338 tt
2.8 cc m 0.341 I t
3.0 cc 0.174 9 0.1 B6 n 0.340
3*5 cc 0.200 <t 0*347 «
4«0 cc 0.180 n 0*235 « 0.351 n
4.5 cc •» 0.246 « 0.360 tt
5.0 cc 0.186 I t 0.255 t i 0.364 n
6.0 cc 0.186 n 0*269 tt -
7.0 cc 0.192 n 0*282 It *
B.O cc 0*206 ft 0.296 a . »
9*0 cc 0.234 n 0*306 n m
10.0 cc 0.260 tt 0*315 R m
11 .0 cc 0.270 It m *
( F ig s . 9 1 . 92 .  93)
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Reverse titra tio n s  were carried out ^/itti 1^25(1)# 
1^50(2) anfi ^/100(3) pcxtassiisa fe rrlc s^ ld e  in  the ce ll. 











0«0 cc 0.300 ? 0.300 • 7
0,2 cc « 0.358 tt
0.4 cc m, 0354 a
0.5 cc m 0.380 «
0.6 cc m m. 0^51 If
0.8 cc » 0.348 N
t . o cc 0.i7? ft 0.3S5 H 0.344 t t1.2 cc mm 0.338 It
1.4 cc m 0.327 rt
1.5 cc 0.385 a «•
1.6 cc 0.315 n
I S cc m 0.2925
2.0 cc 0.363 « 0.380 n 0.267 t t
2.2 cc m •» 0.256 t t
2.5 cc m 0.363 « 0.250 B
3.0 cc 0.344 « 0.3425 ts 0.244 n
3.5 cc 0.330 n 0.237 t t4.0 cc 0,3265 n 0.312 n 0.2305 It
4.5 cc m 0.312 a 0.226 t t
5.0 cc 0^86 tf 0.312 « 0.222 a
6.0 cc 0.250 t t 0.292 rt mm
7*0 cc 0.236 a 0.2«1 t i m m
8.0 cc 0.230 n 0.270 t t
9.0 cc 0.229 tt 0.260 n m»
10.0 cc 0.228 f» 0.253 ti mm
11.0 cc 0.226 a m
13.0 cc 0.203 a «> m
15.0 cc 0.218 It • mm
(Figs. 94, 95» 96).
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Slace Mo(iii) p repare Ijy the electro ly tic 
yednctlm of i'olyMlc acid, i ts  solution is  e^rpected to 
contain mo3ybdeiim ia  the hi::hep ocsiaaticm states also* 
I t  thei^fore, thousht voptoirtiile to ciirri* oijt 
|K3tentiocietrlc titra tio n  w lt t^ t  creating a couple la  
the ferricyanide solution aisi dep^^lr^ solely osx th» 
T9&0X potential existing In the HsCl^  solution*
Tw sets of titarations were dcase undcsp tMs 
eoBKiition} ( i)  Direct 20 cc of !l/100<II) r^Cl^
In the co ll titra te d  against ll/lO E^ f^ eCy-gi ( ii)  20 cc 
of n/50(S^), H/lOOCSg) K^FeCy^  in  the ce ll titra ted  








P o te n tia l
0*0 cc 0*239 V 0*247 7
0.5 cc 0.239 tl 0.245 tt
t.O cc 0*239 If 0.246 a
t . 2 cc «• 0*253 (1
1 .4 cc *• 0*265 n
cc 0*240 » •>
t « 6 cc w 0*279 tt
1*8 cc 0*284 tt
2*0 cc 0.24 w •
2*1 cc •» 0.298 9
2.5 cc 0*247 It 0*309 tt
3*0 cc 0.270 tt 0*312 tt
3 #5 cc 0*289 It 0*336 ft
4*0 cc 0*300 t t 0.345 It
4*5 cc 0*311 n m
5.0 cc 0*320 n m
6.0 cc 0*329 t t m-
7*0 cc 0*335 t t m
7.5 ec 0*340 It
m s s . 97. 98 ) .
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iaaaagms xeaiiam snwa,
B o^ d irec t Clio in  ffee ee ll) aafl ro w m%
' i s  the eoll) m m  perforated# Wtsitmf SleCHSropoit 
v itli t ilt  gal^r^iM»ter type WSfH ia  the ^© rao l
eixtrtdt fo r th@ m e sa rw iit of tb@ aarent*
f ^  K soltitiGii m s tised «s the s tsp ^ tia g  electrolyte 
azsd 0«01|S !9»tl!Qrtred &s th@ aarisaaa gappg»aaog» All 
m aw r^w ata vms® cazrled out a t 5 z  sensitivity csdT ^  
l&3trt8B@iit« Usml preeautioos fo r mlntaiMMQ tlm  af 
p®re sdLfsmssB curr^mt abS eoostiuil* t wiB|)i>yatMPe tmspe 
w^mmem&rn TtB poiUmffmphle eaill caisistea of drc^^s i^ig 
mmtmBPy electrode «aa S*C^« as the r e f^ ^ e e  el@etrode» 
Befme pert(msiBg tl»  msp^tmotrlc t i t r a t i c ^  « 
polaz^gnia ^  Mo{iii) imis drcmm t ec tt/lO ISod^ m s 
tslen  in the eell*  to  i t  0«5 ee © e ^ lre a  (0,01 md 
Z ee iM W1 m m  m&M ta^ tb© to ta l voltzae i»3e 
lapto 20 CO# ?he resu lts fire g lv ^  ixk ttm fioUoifing tables
m ii0  xm *  o
^ P *  30 t  M  0*
i t ia l  •  0,^ 0 t 0»1 I 0«2 I 0*3 I 0*4 |  0*5 f 0«6|
A f^liei
C iirres^
2 X -1 *5 I 0.0 I 3,0 I 7m3 fia*5 |18,0 f l f *51
Pot^Qtial ^ 0*7 I OS t 0*9 t |  t*1 |  1*2
Ai^Uea
OtEETent*
2 * tO^aap*- 27.5 f 50.0 |  68.5 |  85 |  <2° I
(Big, 101 )
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fh© polarc®w© of ilo (ili) did not a 'nell 
dofined imve and henc© the constant potential to be 
applied for the titra tio n s  could not be accurately 
dotemlned. Since the titra tio n s  \d.th soluticffis
cmi be carried out sticcesofully a t 0.0 volt (vide supra), 
th is p o t^ tia l \ms applied throushout tfe© aeasureaents* 
Direct titra tio n s  ^ore carried out with 2 cc (A )^> 
1*5 cc (^2)1 1*0 cc (A )^ 0#1M MoGl^  solution in the cell* 
IPotal voliaae wag mde up with 0*5 cc aetl^rired and 2 cc 
tM KCl aw3 the re s t water. For the reverse titra tio n s 
2 cc (B^), 1*5 CC (Bg)# 1*0 cc (B^) 0.1 M E^PeCy  ^ solution 
tskm  in  the c e ll . The to ta l voliMe vas made upto 
20 cc.
T^ble X 7 III . o
iJraq?* 30 ♦ o .r
Vol. of O.tK CtimBt (A )^ Current (A«) Current U-) 
K^ FeQ^  ^ X 2 X 10*° aap. x 2 x ICT^ amp. x 2 x 10"  ^ aap*
0.0 cc -  2»0 •  1.0 -  1.0
0.2 cc <Mk -  1.0 -  1.0
0*4 ec -  1.0 •  1.0
0.5 cc -  1.0 - -
0 .<S cc -  1*0 -  1.0
oo >. -  1.0 0.0
t.o cc -  1.0 -  1.0 -  4.0
1.2 cc “ 1.0 -  1*0 6*5
1*4 <to 0«0 5.0 9.5
1.6 cc •  0*5 7.0 12.0
1.8 cc U5 9.0 15.0
2.0 cc 5*0 12.0 •
2.2 cc 7*0 11.0 20.0
2.4 cc 9.5 15.0 <•
2«6 cc 12.0 17*5 «»
2.8 cc 14.0 m m
3.0 ec 20.0 24.0 m
(Figs* 102, curve t 2 | Fig* 103)
ro l. of 0*1M
M0C13
^ 2C^  •
Table m .
Currenfc (B^) 
x Z  M 10*’®amp.
Curront 
X 2 X 10*
T«ap. 30 t  O.l'^ C.
(P^) G u rr^ t (iJj) 
^aHp. X 2 X 10"*^aap.
0*0 ec 35t5 48.0 25.0
0^ cc m 25.0 12.0
0.4 cc m 18.5 9*0
0.5 eo 25.5 4» m
0.6 cc «• 16.0 7*5
0.8 cc 23.0 13.0 4.5
1.0 cc 11.5 to .o 2.5
1.2 cc 12.5 7*5 0.01.4 cc 8.5 4.0 ^ 0.5
1.6 cc 6<*0 0.5 » 0.5
1.8 cc 3*0 -  0.5 % 0.5
2 .0 cc 0.5 •  0.5 •  0.5
2.2 cc ♦ 0.75 « 0.5
2 .4 cc -• 0.5 •  0.25 m
2 .6 cc # •  0.25
2.8 cc 0 •
3 .0 CO 0
3.5 cc -  0.5 m-
4.0 cc 1.0
(Figs. 104, 105» t06).
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B n a m , ,^ ,1 0 I
The spectrophotoaetrlc studies on the soluble 
formed ly  tl^  interaction of d ilu te  solutions of 
the roactants Ito(vi) and K^Pec^  ^ (oach c<mc# 1^500 
isid 15/400) provide tbo folloyin^’ infonaationi 
(1) Job*s method of «>ntiniKms variatioa can bo 
asplojred to  elucidate the coapositicm of tiie c<»:^ les: 
fortaeu. lleasur(3ieats carried out a t d iff^ e n t ^v© 
lengths, ^ s . ,  425, 450, 475, 500, ^ 5 , 550, 575 and 600 i 
give only <mB peak ^hen the 0*D* of the sixtiffes are 
plotted against tiie volume of I^o(vi)* This according 
to  7os1mrgh and ^xfp&p (W*C» Voslsjrgh and G*R* CoopsTf 
kBBTm Ch^» Sec«, 1941, ^37) ^ u ld  point toimrds
thd fonrntion of one coE pl^. The combining ra tio  
eaa»B out to be >lo(vi)i FeCy^***  ^ as 6*0 i3*0, or 2i1 
(Figs# 70, 7t)*
( ii)  fhe sane ra tio , via*, 2i1 (Mo(vi) t FeCy^**^) is  
obtelned on plotting the 0*l>* difference and volume of 
HoCvi) for lalrtures kept overnight (Fig, ^ )*
(H i) The slopes obtained froa tiie straight lines 
obtained using L laitins looaritha method give the 
foUotdjig ^ilues of a  and m*
0#065 j^Ttc
450 aa •  n | a (Pig. 74) } m| •  (Fig*73)
0«04 0*04
475 HU ••11^  m (Fig* 74) I m '"q**'™"' (^S* 7 )^
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The ra tio  and eoraes oat to be 2i1 |
again shot/ing that the caaplex is  fomed by tiie interact icai 
of two E^les of laol^bdic aclci and one sole of potassium 
ferroeyanide*
(iv) The TOltac of K fdr th© cc*^es mis deterained Tsy 
the method used by llnl^lior^i and D&^ (4nil» K# IScdaberji 
and Arun K. Bey, Proc* Kat# Acad* Seience, India. 1957# 26(1 
20) *
Fop the rcactloiAi
2 A B ^  M
:s:the foiiaaticm constant, K » ..........................
(t-2x) (b«x)
where z « concontration of th© ccoplez, ai^ a and b are 
the in itia l  cons entrat loans of molybdic add  and potassitsi 
ferrocyarJde respectively# Taking tw  concentrations 
and 2^ b^  and b  ^ of th© reactants givinc the same 0 J)*, 




(a | -  2b^) -  (ag -  2t^>






a^stO^ ij^ xICp agXtO  ^ x k 10^
450 mu 0.0055 0.0195 0.009 0.011 0.000611 8.54 x 10?
475 Esu 0.OOCS5 0.0187 0.0072 0*0128 0.0C273 21.76 x 10X
50C HU 0.005 0.02C 0.00fe 0.0132 0.0CX^29 12.93 X 10<
525 sm 0*00625 0.0187 0.010 0.010 0.00125 18.97 x 10^
550 sm 0.00^5 0.0187 0.0d?6 0.0114 0.00154 2B.35 x 10^
fti© aw tt£^ wilue of K Trm the f i r s t  fttor 
readings coiaes out to be 15*55 x 10^.
(v) The soluble coc^lex formed tho Intei^ctloa 
of aolybdlc a d d  ai:^ potasslua forrocyaaid© is  tsroyn 
in  colour. Addition of d ilu te solutions d  varying
•3
aiaounts of molybdei^ (raase 10 M) to a fixod asount
e£ K.FeCy. (ICT^m) give quite high values for t i^e OJD*^ 6
But in  no case a s t r a i^ t  line is  obtain^ (except a t 
425 au for lo^er concentrations of Molybdenam -  Fig* 75) • 
fh is shCR^ s that t&a reaction cannot be used for the 
ooloririetric estioation Mo(vi) for the particular 
eoiicaitration rang© stu(?led.
lase resu lts  on the conductoaetric end potentio- 
TOtric titra tio n s  between aiolyMic acid and potassiua 
ferrocyanid© aay be siraaarised as folloisrai
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Vol* CcsKj* of 7ol* of ^ 1 0  ^ i d )  Batlo
c e ll fr«® tts® cunres HoCvi) i PeQr^
40 ec ^¥ m  
40 ae 1^600 
40co
1 CO 1 2 ce I t l  ani 2t1 Fig« 76 
0 * 7 to | t«5 ee l ^ t l  and 2^2i1 Flg*?7 
0*54ec| 00 1 J S if  s!ia 2*1 ng^TB
Tnhl® KXUm
76lm Ckme« of Volm a t H/tO K.FeCy  ^ Batio 
Mo(rt) 5_n the c n  ^
20 ee H/25 
20 ee
20 ee WOO
3*8 cc 2*1 It
1*9 CO 2#1t1
0 ^ 4  00 2«3t1
fig* 80) 
[Fig. 81)
?0l ,  ana C®ic, oi of ^/tO mCvi) Batio 
Ej^ FeCy^  in the c e ll from the onrTes MaCid) t
20 ^  1 ^5  
20 CO
2 0 ^  lylOO
16 00 2t1 
8 00 2$l 
4 CO 2t1
[fig# m)
^ l t4 K k % 10)
t m .  w
fhe ra tio  2HD(vi) t1 is  foooA froa a l l
t^ bx^e !9et^ «3ds «Bipli3f®d, a lttioo^  a ra tio  of 1t1 for tiie 
reaetaists is  also fots^ froe ^  eox^ toiQixumtisAe titrations*  
ecaapositioia cf tioth tti© solialjle isompX&K itrm  dHate 
soltitiosis) as v e il as the ijisoltiblG ooe ilseom preci^itata) 
caa be fotasa oa tiasis tbe ff^ UUxirittg r^ o tic a t
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2H2?4eiO^ 4 Hd m 2  ^
2 (mo^ywi^ + K^mcr^ « ^ 4 kcu
The em ^^itio n  of tlie Ho(vi) fmt>C78nidd 
say be Teprmmted ly  the fomula (^002)2 PeCy^*
.
Tl2@ resu lts  on the ccgaduetomet^c tl^m tions 
h&tmm Ej^ PeCyg aad HoCl^  are glv«i belfivs
TmhiQ x x m *
7 o l. and Cone* of of 1^10 M9<iii) mu& __
K^F#ey  ^ la  the tram Itoe curves llB<iil>if^!^^
40 ec H/4^ i^ p  ce UTf 1 I (n g . 85)
40 ec i5^ 3 1 «4 ee t «86 1 1 (Fig# 8©
4© e« m o ^  0*7 e© 1,85 f  1 (Fig# 8^
Tbe probal)l@ raaetloti from the at»o9« ratios of
H o ( l l i )  t FsCjr^  irould bet
IfeCa^  K F^eCy^  s  KM^ eCJy^   ^ 3 KCX,
th@ re s t of the H o(lii) r^oaiziii^ adsorlied m  ^ e  
e<»splex* The fo ra ila  can he gl^en as Klte^^e^^Gjr^^aliaCl^, 
X w y ln g  hetweea 0*5  ^ •  0«85«
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.
Both d irec t and reverse pot®itlOBet2Pie tltra tia a s  
eoold be perforzr^* Ocmductoiietrlo titra tica is coo24 enly 
be 4csi© with KjPeC^  ^ in  the cell* A significant point 
about the potentlcjcietric tltra tlc a ^  Is th a t these couM 
be pe3*foT!i0d id tb  an<3 without establishing a ferro* 
f^pricyaniSe couple a t the platlnoa electrode* A sammsy 
of tbs r@si]lts is  given belons
Sabl« m ? *
gsgiias.^aialaB:
7^*  as»l Cone* of 7^*  I|/10 li& tiil) Batlo ^
in  the c e ll fro® the curves Ho<iil) i ?©<^ g
40 cc 1^150 2 ec l i t  CFlg* 88]
40 ec t cc t i t  {Fig*
40 cc iS^OO 0*5cc 111 ingm 90]
Sable XXr*
7ol* ma CkHKs* of MEi(iii) ?ol* of H/tO Batlo ^
te  the &m. H o(tii) tlteC^ r^
..............................- .......................................... ............................................................. ............. — ---------------------------------------------------------------------------- ---------------
ao ec 1 ^ 5  »*4cc 1t1*05
20 cc *^8 cc 110*95
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m *  Carats o f oT Batio .
In  tha c e ll from the curves H 9(lli)i F«<^g
20 ee U/2$ 
20 ec
20 eu ^ 0 0
6 m  
3#6 e« 
t *85 ec
0#75 I 1 (Fig* ^  
0*9 t 1 (Fig* m  
0*92 i 1 (Fig#
mbie xxrtm
— 3k 4> e
'  ftleotfoda
7ol« ai3<S Cc^« of 
MeClii) in  t l^  ceXX








1 t 0 ^  (Fig* f l  ) 
t f 0*9 (F ig .
Vol* ioid (^me» of 
l^eqjTg In the c®n
Vol* of iv^tC ^(ili) BatliO 
f3<cxi the cxarm t
2© ee ^ 5 0  
20 ec 1^ 1^00
XS  ee 
2«2 ee
0*95 t i (F ig . 99 ) 
1*1 i1 (F lg , lO O >
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tltr stim is gitr® thd fo llo n ii^  resu lts
tor tto© ooaMalHg m tio s of llE id ii) and potassiian
Ta^le «
?o3.* a!*a Ckrne* ^  7ol# o f M/^ 0 Batio
»«KU1) iM l^e HoCtU) I FeCy^
__________________________ a 5 a . .Q a , , . f ig a ______________________ _
2 0  e e  I ^ to o  e e  t iO « 9  ( n g * 1 0 t ,  e n r v s  11
to  ee ^ 150 1«25 ee It0»$ (Fig*ICet, msem 2!
20 ceimoo ee l«25tf CHg«l03 t m v »  •!
ir®l* ana Ce®c. o f l o t .  o f 1^10 MoCiii) Batio 
ill the eeH  fToet mP9m t
20 ee ^ 1 0 0  2 ^  oe 1 t I
20 ee W 1 ^  ImS ec I t 1
20 ee H/200 1«2 ee 1«2t 1
Frm tfarea d i f f ^ ^ t  teelmJlqties tiss
raUo H o(iii) t PeC^^*** eoises « it to be v@*7 q« i73^ 1 t l #
The stoiehi€6^trie equation reiafesesitisi; ^  
reaetioa 1st
mca^ ^ FeGy  ^ m m  ♦ 3 KCl.
The eoi^posltiosi cdT tbe MoCiii) f&CTieyf&Bide mtCbd 
tlim  lie
r
cm sum m  m m m tm  m  
T B m m m m  jm  c m m c  wm m  jm  w m sio im m B
nt© cospli^ ferpoo^aniae aho^ great
ta»i@nG7 to pass Sato colXoldai state* «:iitabXei
eoKiditicm th& ferroc^maide dispersica mn also
b@ tromt^mmd into a cel *
In to iirepare tbe sol^ potassim  ferrocymii49
solyM ie aclid wmim mtmd mft&t oaltmlatSiig the 
requisite amoimt of reactants frcsa ttie ©quationi
2 ^  f  4 Kce
F<  ^ obtaining a sol of concenti^tiogi one graa per l i t r e  
2*85 ec of 0*75M m s mixed ¥ lth  6*3 ec of Q^m
®o1yb3ic acid* fh is bo’mre^ rest0.ted in  tfa® for8»tion 
of a precipitate ratted* than a colloidal soltitlcai* 
D ifferm t proportions of tdie reactants «sere then tried  
and I t  'ms found that the most suitable ra tio  for 
obtaining a stable sol was t as 5t3*
fhe follm-rlns p^oeednre m^ s followed t
3*65 ce of 0 * ^  Potassltsi ferrocyanide m s takm  
in  a 01^  thoosaBd ee Beasoring f l a ^  mSL diluted i#ith 
a l i t t l e  ®3(«ait dc«ble d is tilled  mt®p* 6*3 «© of 
0*6^1 siol^rbdle acid was t ^ ^  in  a beaker loid diluted 
witii double d is tille d  m ter* Tim laolybdie a«sld solxitiQii 
m s added gmdtmUy to  tl^  |N$ta^itM ferroc^tolde soloticm 
v il^  cc^ tio it s tir r ii^ *  Wbm vo lo^  m s rmSm i^ te  
iiark ai^ th ^  thor<m^ilS  ^ shaken* k dark red sol ^ s  
obtained* ^  th is asthod a sol t^pto the ccineeiitr«^b)ii
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2 snems p&p l i t r e  eoaia he Qa e^tilfugli3|f
sol of eone^txmtioa 2 pis per l i t r e  a l i t t l e  
sediiieiit&tiosi m s fmsad to oeocir i ^ l e  tm  sol t£ 
{H»cezit3*atio& mm grmit per litr@ t no se d ii^ ^ tio s i ms 
obser^red*
Qa dlalarsing tla@ sol for 4 to  5 liours I t  beeai^ 
imstable« I t  m s tomd tbat tb& properties cm. I»est be 
stQdied a fte r sut^Jeeting i t  to d ialysis for mm tmetm 
Tbe charge sm sol m s det@n!^ b3ed tsQr elecrtre^bc^sis 
imrried oat a t a p o t^ tia l  <^150 ^ I ts #  fbm sol sored 
tamrds t^ © aao^e showiag therelgr t la t  i t  is  negatii^l^ 
eharged* fhe sisttuaas usually ^Icsyed for gelal^oxit vis« 
Ci) evapcs!sti<m, or fre e sJ^  out of the so lf ( ii)  a d ^ ti  
of farelgn ©leotrolytes to either the d ia lle d  cr 
tttdialysed sol ( i i i )  proltmg dialysis did not 
traiisform the ^lyM eooa f^roeyanide sol into  a gel» 
Emn 7m  Weiaar»«s setbod depeodixig m  aixing tiie 
eoaee&trated so lu tio n  of the reaotantsp did aot gi'te 
desired results* flie la tte r  seti)od vas f o ^  a s^ lil 
iii otttalning the ^ I s  of a mmh&p of faearocymilde like 
fdac ferrooyani^e, isrussiaa blue* TmibGLll blues*
Hickle fei^i(^aiiide etc* (Sbattacharya & Malik •» loe* o it  
but ^Eperiments earried out taader these eonditions^ 
resulted ia  t te  formtlcm o f  a thick ^laMaoiHi 
precipitate*
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Tim  fo l lm ix ig  \m s»  fo m S i s«@e«ssfitl
top obtaiEdng a isKil^ lsdsEsm t&rroefmiae A ec»ifi€Si^^
sol «ms prepared stolybdie &ci4 to  large emma
Qi potasslm  f^Tot^Bnide m»lttti<m« X& mm ezpex^ isfflBt
50*0 ce OmTM K.WeO^  ^ 'ms t^ e ii in  a iMMiker and 10*0 964 6
of 0#6^ aeid •mn Sropvise added frm  a burette*
Oa the ^d iticm  oi the f i r s t  drop, thm precipitate famed 
m s ^gorm jsly shatesn fo r fO to 15 sslraites so t!b&% I t  
WB.S ec»apl@tel7 dl@p«a?sed« WvcPi^ sr additimi «as dmm 
im a slM lar stann@r aM in  th is tfa^ r a very ooneentamted 
sol of molrbdemss ferrooyanide was obtained* This sol 
on keeping fo r a fa irly  long time (110 hours) gaw a 
stable gel» The tiae  of transformation of ttse into 
a gel so®®»hat d e p ^ e n t on the aaoant of mlybdie acid 
i^ ded% I t  ims fO!s^ that with a l i t t l e  2ar@exk aaoiDEit of 
sKilybdic aoidy the time of gelation decreased*
The molybdenos f  errooyanide gel shoired a thiaR^tropie 
beha?iotir» On sechanieal agitation  i t  m s conv^ted into 
a sol ^lich  i ^ n  le f t  a t  room nas recocmrted
into gel again% fh is behaviour is  «Bl(|Qe in  as fa r as 
th a t Bost of the ae ta l f«?ro^anlde gels show either 
l i t t l e  car no th is^ ro p ie  beha^Gctr*
ThB gel obtaiited und^ ecmditions given above shew the 
large influence of excess of potassitsa f^rocyanide as 
«»11 as of stirring*
2ai •
Cimsideriag the 7m  WeSinarii* s a  «
1.
¥hepe n the degrsee of d lspersity , P tisfi degree ef 
stipersatarationt !»§ tl^  soltiM llty, I t  aajr t>© a rg i^  th a t 
the solnM lit^ Ii of molyM^m feiTOcjrasld® is  cm at the 
factors Snflaeaclag gel foraatic® ffince f  is  not large 
itm  the cQtieentratior^ of the reactants H3eS)« ISm 
other factor besides adscH^lmbili^ of potasslm  ferroe^ani 
is  mechasii^l s tirrin g  a£ molytjaeni® ferroeyaaiiie 
precipitate# I t  is  qtd.te probable th a t oa s tirrin g  sBd 
rubbing the precipitate forsed a fte r the dropirise addition 
of mlybdlc acid a large number of sm ll crjrstal miits 
are g^era ted , these saaH crystalline particles on 
approaching very^ near each o t to  give rise  to  a c<^erent 
frame work toougl^mt the liquid •  the whole process 
needing about 110 hours to r^ c h  ccjopletiim* The view 
put tormTd W Miattacharya & con^orkers (3oc« cit#) 
on zinc ferrocyanide gel finds support in  tMs case also* 
According to hia TOchanical s tirrin g  and Jerks applied 
to the reacting mixiXBte Icings abcmt a aodificatlon in  
tl^  original sis^ and shape of the particles* ^  Clinics 
tha t the deforaed particles assume such ti s h i^  and sis* 
which help in  obtaining discrete ImiMing elements by 
chemical imlaocies or solimticm in  the fo is  of % p i^  
hydrmted or so lm ti^  sdceUes#
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jaasBts .tBCBa ma laartgrBiBt^B .ggtoi
I t  lias been pointed <mt iAsat red
ooXmo* of elmssl0 dbUJtjtld® teTTOGfrnaldB eos^ler &&mtxi^ ped 
(|ttiek37 Im  cms&s^^tixmB of tlie r^actazits m
Anotliei? Interesting aspect c^erm&t In ^  
elSR3@ic ehlcsfide «• SosisQest^ mide FeaetJ.€n is
tb a t i t  w%le7go@s gelaticm a t a t^pera to re  mmt about 
^  coacentmtloa of 3r^<H^ts» For
e x a c ts» '^ m  educing ^ u a l voli£!ie of reactants 
(Cr^*^ Om$6M & F©C35r^**^ 0 « a ^ )  m  gelatioa uas
©^ e^n cm h@atii^ l^e lalxttres for 4 ham& a t
03%rever, on mixing 0*96^ Cr id,th FeCjr^  of 
coRcentratloi® 0#522M 0»3B^ i^speetlTelyg gelstlen
m s obssrwd in  cm hump 40 sdnatea anS SO isizajtes 
respeeti^eXy# Gelatleai w j^ r ccaiditics^ as stated alioire 
m s a l ^  stiis^ied ^ il le  keeping tti© ccm e^i^tiim  of 
potessitm f^TOCFaniae fixed a t  0#4K and varying the 
concentration of ehroiale chloride fros 0«1^ to  0«SGH» 
In a l l  these casesf gelaticm nas ol^ervedt tlie ttse  of 
e la tio n  d ^n d ln g  m  the molar xmtio of reaetants*
The resu lts  are talmlated in  the following tables
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Qelatioa ls©tw««a K,FeC|y, & QrCl^4 o 3
Cdqml 9o3nes of tlie r@aetaBts v&m miz«d}
80^C#
Cone« CrCl^ Cone* o f K^Feqr^ Molar Hatio 
Or^/FeOs'f"




H U  1 136 gelaticai for 4 h(»irs tl «m 0*241 H 4#0f 1 n mR 0^75 H 3*5s t 9 ntl 0 ^ 1 H 3*0i 1 1 hoar 40 aim ites«
oM
H 2«5i 1 ^  aisratw
M M 2 ^ f 1 30 id^ittes
0«4 H H 1«0t 1 20BiBllt«8
0.35 K 0«40 M O ^ t % fO Bdisites 
1 hG«ir m BixKitesW 22 H 0*40 M ©•?5t 1 
0«&t t0*25 H 0*40 M 2 hx^B^tS Bizaites
0«2 M 0*40 M 0.5  t 1 2 hoars|5 ainiztes
3 hours40 i^teotes©*t5 K 0«40 H 0*37i t
For chrc^c chlca'id© •  aSxtnre m
dmpmixm coaoor waa obs^pved m  h a tin g  th« laiztar# 
of aiXttte of reaetants* S@lati<»i leti
tiOtf©ver» oliseirved with h i ^ r  a»isentratl<^ a t a t i^ »
of about 90 C# For the i^lmr ra tio  Cr $ 4t1o
I t l  g@l fom ation took place th is  ^as not
possilj3.e fo r the m lar m tio  t Qolatim vas obs^nmbls
fo r cos^^^atioB s ram ies 0»tH md 0#!^ of the
tuo reaotaats# resu lts are taMilated in  the M^mdog 
tab le t
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faM© lU
T&l* and 7oI« sn^ C<»»3« Molar Batlo
of CpCIj of Cy A
Tim ot g e la tin
♦♦♦♦ 0*
00 0*5 M
oo 0*3 H 
00 0 ^  H 
$ 00 0#5 M 
0«& ^  0«€ 
1«0 oc 0 ^  




tl i  












Total mJmm 10 oo 
Total, volm^ 5 oo 
Total to1»b@ 9 00 
Total iroln^ 6 oc 
"♦ Total '9olsmB 10 oo
Although i t  m s not possible to  prepare a stablo 
colloidal soltxtioa of chrcMic ferro<^asi<a@i m  intereating 
fact is  worth seiitlcming* When a mixttire of 20 oc of 
0*4 M potassiiEi forrooyaaid© & 10 oo of QM  ohroiaic 
ohlc^lSo dilYited to 400 oo was haatod a t  fO° for t ^  
boiirs and then subjected to d ia l^ is  fo r 4 da^ rs a stablo 
sc^ ims obtained* Cto keeping the sol in  ^trton^s ^po 
Catapboret^c txibe (Potential applied 220 volts) 
preoipitation of th& ^ 1  in  the form of a greenish brown 
aM v e il defined sp ira l took place in  Hie (^tt^dic 
1^  tnbe«
gel f<^mtion in  the ease of c!£»mie fm ro 
and ferric^si^do is  in teresting  in  as fa r as t ^ t  a
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biglxer t^peratur©  is  fo r oti^ taixdzisg ^  g«l«
W<^kiag a t higher tmp&mtfXPe besides hel|)iag tiie 
intemeti<S| to  tafe© plae@ laringa alscmt tb© torm tlm . 
of tba particles in  si»!h a th a t d lsci^te Iszilidii^ 
are liaM tsar cbmSjeal mlrnxdes or solvatlisa 
ia  tlse form of b ^ r a t^  03? solvated mie«31as«
!^ i© tes^> ^tiire also appmps to iisHii^iee t o  soluM lit^ 
of cbraidc fe iro  033d fenrie:^aniae sim a a t tlie rom 
t&sp&mtme the GOErplm rmmim in  soliilale foxiSf 
ttB mXm of L is  -iiilte larg© aiii lieiica n become mmll 
m  p reclp itatiaa of gelation is  possible* Witli 
SmreaaSng tmspemtate the so lub ility  d^reases t i l l  
<^ tiER3Ei couaitlcos are r e u s e d  for gel formatitm*
1?li@ isolar ra tio  of the r ^ o ^ t s  ixiflaenee Urn 
time of e la tio n  ^msiderabJ^# In tfce ease of obromie 
t@Tro(s^ moMe gel t^e time of gelaticn goes m  inssm^ljm 
¥ ith  ttm increase ia  the ra tio  of potassit® 
yMle in  t o  case d  potassium fairicyaoide the t$m  of 
gelatim  is  misaiEaaa t&p th® oolar ra tio  t i l  and ^y^ireases 
b o ^  W S t t o t  i®t moms of either of t o  reactaatsi
B -ajL a
A pirirey of the ll t« ra to s  of the 3ast
years ismld mimml that ^iphasis on tlj© stMy of 
ffistal feiTocyanogen caaplexes has shifted fyaa th& fsrtfaoScsr 
and eonxrasatioaal api^roach, Ijased <m ahmi.ml analysis and 
applicatioa of cmSuctomtrte, p o t«stlo iie^c  and tisarm" 
se trie  titm tiim  aethods fior tfee els«jidati<m of their 
^3a|30siti<m, to such ptoblBm as t&© use of ^ t a l  f ^ ?ro ^ «* 
aid© resotioas la  woskg cataly tic deo<®p^tloa
of allm ll ferpocyaaldes solloiclal tetxavictir lacltjdlag 
stisiies on soX»g@l traasform tioa asid mmtssmm ^^eooBmmm 
Mopeover  ^ m3a.esn teto iq ties*  nas^ly, po3arogmi^^ 
amparasetryt ocn^cs^t^i exehaage ru c tio n s ate« are 
gradmHy replaclisg the oMer ^?ysleo*isbsal^ asthods 
i s  Inyestlgating tfeoi# Besides* mm  ^ o ^ e r Isterestlog 
aspeetBof tl^  p ro ia ^ , Ijotii of t^ieorettcal ®id applied 
isportamce* reiaaln TO©3cpl<s*ed to  tfcls day* These aret 
<1) ferroeyanog^ eotapSexes of se ta l loos other ttiaa those 
studied so fa r, (11) possib ility  t^ie existence 
solable <»3iapl€^s la  th:^ elass CHI) role
of red<Mc potential la  ia f l«©aciag the coiiposition of ^lese 
C(x3plexes, (Iv) colorIsetrio  estim tlon  of ei^tain  ^ t a l  
los^ l:y a lk a li tevTocyaaiMeQ$ (▼) eataly tlo  de«»3mpositicm 
of potassim  f^rroc^aalde l)y iiom otha? Umi those
and flE elly  Cirl) tl^  gel formliig of astal
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f«rro- m& f«prl<^aiiides* fhe to estlg a tio n s described 
iM ^le preeeedins pa^s haire d ^ t  sost of th& al}0^ 
mentioned aspects in d e ta il i^ ile  pi^ lii3i33a3qr ’wosk tim 
few has hBm siimn with the earnest desire 
c r itic a l stSKly and ©stensicm W olte* impJfiera#
the curiosity for t l^  search of mm metal 
f@procyaaof«si coE^laafes arose free ay j^ lia in a ry  wcrk 
on tSie ehraaie-potassim  ferrasyaaide reaction# TSod  ^
ca??!imT*y t^op^^tore m& cvsaeentratlcas conditici@» no 
a i^ee iab le  r©acticaa semed to  ta!*:© place !»eti7e^ ^ircoie 
i^ a r id e  potassim  farrooyanide* Mixing of e&amo^  
tratod solutions of the reactants In no wiQr appeared to  
modifS' til© nattir® of the ruction#  During the course 
of o«ir experiaents on chroBous-ehroeiic electrode ^ te a ^  
i t  m s laionj^t \iorttei»hlle to  see ^ e te r »  unlike cbrc^c 
tm s^ interaction hetmmi chrc^ous chloride and potassiua 
ferroc^anide takes p3ac@  ^ or not* our great sitpriae 
a yellowish sPeen precip ita te , gelatinous in  charactw and 
Imving t ^ e n ^  to pass int» the colloidal s ta te  on mahtag 
ima obtained^ Detereiinatiim of ccctp^ildon and 
pirc^ >€S'tl@s of tM s new laetal ferrocjranide iMJSm MftlSk and 
Ahabacker •  % Anorgi 3if» « 343| 35©)
m s und«rta^i and i t  tims f^snaed t^e f i r s t  basis of our«
te^stigati«m s on ^  series of c<»|K»»id8 i^ich  may be 
r i ^ t l y  t^ w ^  as *lmn faiailiar fe:i^o^raBog^ ^aqplaies**
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A e rttie a l stisdr of ^  eheoade b o r id e  
potasslim ferroeymnide ru c tio n  o«t tm  tEcterestt^
faets 30 fa r not observed* PtPstly, ^mseic ehlixriiSte 
la terae ts with potasslm  ferrocyaniae (also i#lth potasslta 
feprlcyanld© •  via® Infra) a t apprcjocfeately 80® to 
an insoltiljle coiplaz hlgbl^ gelatlnnas in  nature ai^ 
s@eondl7p addition of d ilu te ^itcmIc ciOoride solntiim to 
potas3itsB ferro ^m lde soluti<m resu lts in  ttie slow 
40weilopBmkt of a red eol<^« These resu lts Indicated 
tl^  p o s ^ b llitr  of eacistenee of lioth soluble and 
Simoluble emplems of cteemie f^rroeyanide* Investi^tioiia 
an the reaetim  betifeen ehrc»itlc chloride potassitaa 
ferroeyaxdSe and la te r  that of <^oaie chloride and 
p o ^ssim  fe rri^ an id e  versf liierefore^ f i r s t  of aH  
stM ied In g re a ts  details*
The following aspects of the chroslc ^il<»fide 
potassit® ferro- and ferriesninide r^ctioais v&pe intesti*  
gated] ( i)  Speetropho1»»3etric studies on the eompositiaa 
ot the soluble emplesres of chromic ferro-* and f  erriqranidei 
( i i )  Colorli^tric estim tion  of C r(iii) li  ^ potassiUB 
ferrocranidet ( i i i )  Composition of soluble ccsplez of 
eleetrcaetric s^tliods and (iv ) rate of deecMposltion of 
potassim  fez^oeyanide in  presence of small i^ m its of 
chrooic ic»^«
The TBSvdtm o f spectropbot»3®®tric sti;dies witfe 
atxtures i^epared froa o f the reactants and kept
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oi^rsight are S«piot©d in Figs^ Ik , ZB and XC (I)Bibl©9
28 ^  52)* FigSi^ lA mSi 2B depict restilts for ssiict^es 
pr#|38red iJpm fCT i^f of the Isspt fo r 24 boisrs
azDi then diluted tesi tiaes (Tables 1^*33 to  36) •  ^^losrts^ 
^obts E^^od of eoBtiimoas variatieai a v e il defined peak 
is  realised fo r the isolar ra tio  t i l  for t4i® d iffe ra it 
mve l^^agths teed <400 mx to  1400 m ) '^ re tg r glaring 
evidence for the fc^m tion of the soluble emplsx 
KCr^^^Fe^^C^g in  t o  f i r s t  ^ se*  la  ^  second ease#
honever, a molar ra tio  3 Op t 2 PeQf  ^ isS fcmnd to 
^ is t*  Here the reaction between chroidc chloride and 
potassiim ferroeyaMde my ts^e the following eoorset
CrCl^ 4 K^FeCy^  •  KCr^^^Fe^^Cy  ^# 3 m
and CrCl  ^ ♦ ^4^ %  ^  ♦ ap(cm)cijj ♦ tS l
follared Isgr K^FeC^^^^O ♦ CrOL^  ^  3R03
The iaechanis@ forwarded alwve not <mly provide the 
p o ssib ililr of tiie eacistenc© of the eossplear 
(Insides ttie nfflcaal eomplex 1 Cr^^^e^^C^g) l« t also giw  
evid^iee for the deeo©positi<m of K^FeCy  ^ to (I^FeQr^^@)t 
Studies on the cataly tic deoon^positicn of potassitm 
ferrocyanide hy chroedc ions give farttocar si:^;>ort to th is 
aeehanisffi (vide in£l*a)#
Spectrophotoaetric studies for ttoe chrcMic i^ c rid e  
fe rricy an i^  a ix ttre s  kept fo r 24 hemrs give a siolar ratio
-  2 ^  -
t i t  tc^ v&ve lengths 500, 550 aad 600 m  for 'wave 
leasgtlis 800 m  t& I400 tm no prooonnced miniiaa id 
ob^rm ble Cmi&im vas considered sine# the absorption 
of pofcassit® ferricyajjld© in  each «ais© «as h i^ e r  than 
th a t ist the mixttjere '• Fig* 3A anfl 3B» a isles 3^  5? to  40)• 
Bfe© soltible chroEiic ferricgranid© <sxiplex (y&Uoviah 
green in  <»lotip) stKwld* tdSierefore# have the cou^positioo
H^pe also ^ s lM l i t ^  of ths fcraatim] 
of csan be 'fism lis® ! ( p* 45)*
The fact that colour is  dei^oped the 
ioteraetiosi of i^rosESio chloride and potassim  farrcyyaaid t 
■was eaployed for the coloriaatric ®stiiaati<si of chroaie 
icHjs in  the ccjuemtratioa rmoB tO**  ^ to  I0*%« 
liooib and ^ se h  *Spectronic 20» voiHtoi axtresadly wall far 
tl^  concentraticm range 10*Sl to  10*Sf (Fig# 5 t#50) 
and can also be ^3ciyed f<3r s t i l l  lo«if^ stxaamtm^m  
(lO '^^ K) for a few selected w w  Im g f^  (450> 4?5 mstf 
Fig# 9ff 1P<55)« With tim Be<^a^ Do speet3^hotee»t«r 
estisiatim  of Cr b^ r pot^asim  ferroc^anlde ©an be 
^uETied mer the re tire  cm entratiesi raaiga 
10'*%) a t 4 ^  mil CFig# 13, p#59)» Iange*s cc^orii^ter 
could also be fo r the same cm&entxmti^ razi^
CFig# t4 f p« Imt the resu lts  la<^d high acctcrmesr#
A. im@ber of ezperieental emiditions vere tried  
to  determine optimiEs e«»iditions fa^ these deterBinatioais#
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fiss e stitttla a  be hm% afteip ^ p in g  the
iii3ct«r©s o^epnlgfet* To aehi@ire quick resta ts, Imtlug 
the Matures in  a batii saintained bet»«^ 5CP aul 60® 
for tm mismt&s is  alth<mgh a move e<si9«QiaBt
metJKja is  to eaipoae tiie aixtor© to tiXtra v io let Uglit for 
aboat foi^ boirs# Ixpostire to snnlight eaaoot he
si&e# tizrtJiait^r sets in  th is eam^  M^sura* 
mmts Bade ^ e r  varTini ^qperia^taX ecmsaitiaBs are 
giiren i s  Figs« 5 to t4  in  Ompter I of tiie tik^is«
Use iralidi%r of tlie d ifferent eleetrcsi^trie B^thoSs 
namelyt c^ :»3dTietoi»@triCy p<^^tiom@t3ric« polarogr^M St 
^ ^ r c i^ t r ie  and aethods miB tested in  aseertainii^ 
co@ |^iti€n C3f the o!'^i3le f^orroeyanide 
The ecsid^eta@@tric titraticaiSy d irect and revorset 
failed  to gi'Te d ^ in ite  Inforsatioii re@u?ding the 
eaaposition of c<»3j>l©z axjd d iff^ p ^ t m tios smh as 
tt2* 1tO«f» lia  Cdireet) md ItOiS^ 2 s t, l# 5 it  (rew sa)
for {» fFeCy  ^ ^ r e  obtained with thm th r^  sets of 
caicenti^tioaas wed (^g s#  t5 f 18 20^ w  68 to  70)#
aopever, p i values plotted apdnst t ^  i^oimt &£
ehro^c diloride in  i^ b& n jirttre pive i^tisfaetGiT resta ts  
and 30 also i«as with t^e wa^armmta
earriea out a t  tim b r i^ t  p la tiraa  electrode dii^ed in  . 
the variotis stisdsres of dsroEiie chloride and potaasins
ferrocyanide# fhe ratios Cr tFeC^  ^ «as found to be 
HZ (direct tssA md 2 i1 , 1tO#9 C rew se ffi)
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(?lde F igs, 16* 17 and %% ^  to  70)m Proa ttiese
resu lts  the ca^positic® of tli« ehroeic fesrocyaald©
ec3Bipl@ s^ nouM ls@ KCrF^3y.* K.FeC^. f®p th© ra tio  ii26 H' o
(w>3t ppolmbly an adsosTption eos^lez) asiS KCa^ e^CSr ^  tii«
m tio  1tO«9#
Althcm^ the <k30|j1^  Is  not redhieUjle a t ^
fin d in g  mrcvr^ ©lectrodet th© polarograi^ obtained for
the d ifferen t atxtwres of the reactant a kept ovem l^ t
imm given an ijc^lii^ t s^tbod fo r deteminlng the eQeiposl-
tl<m of the coBplex* Prcm Figs* 21 (ciirves t to 15> «e»5
22 Cpp* 7! to  ?6) i t  is  a ^ d m t that t h ^  oeetzrs a
defin ite sh ift in  nm ainiaa (a t ^ 0*15 V «o2 •  0 ^ )
ifitii Incr^aliag aao«mts of chromic ^i2<»lde in  t o
mixtures# to  pljotting tha cf chrailc chloride
a ^ in s t valm@ of tt^  etirrent a t the lainiiaa etirvea
m m  obtained (Table 27, p.# 23) ^Mch gi>m tlie
m tio  1st ^parocietric tltra tiim s 21
to  251 W  75 to  and m bls 2S» pm B2) G irled  ottt a t
-•1*2 volt also give a ra tio  111 (Tig* 24)• ISiese ^ a o lta
clearly indicate tfeat a cc^plex having t&e cc^€mlti<ai
KCrF^ 3sr^  is  formed the IntGracticsi cf chrc^iio ^ilosdde 
6
and potassitsii ferrocyanid® and also go to show ^  
supericritr the polarc^aphic and mpBrmetrio laethods 
the <«»idactOiaetric and potm tiaaetrie ones* lle^^ver 
s e ^  evide»iee re^rd lng  changes taking place in  
potassim  ferro€3?anlde soltxtim  in  presence of titmmSxi ii»f
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is  foptiiefflaing tmm the anodic part of «ie polapog^aias#
Th© ciB?v#s 18 md 19 CFlg# 21) for sdtettrres heated a t 
ccxaijoped witfe cur'?es 10 and 12 for eovredpcaadiag 
EdLztispes a t roc® temperatoe olearly Iffing oat tbe 
dtfferem e in  the mttsre of t^e reacticaist vis#» tliose 
taldug plme a t the higher temperature and a t ^ e  roca 
teE&peratire# That potassim  ferrooyzmide solution is  
deecsQpos^ s2oif3  ^ 1]^  scmXl amotsits of chrcxsic ions is  
home oat by the fac t that the polarogr^ for the 
potassi'cM ferroc3®Mde soXntlcai eqjosed to uXtraviolet 
l i ^ t  for 4 h<H3rs is  of a sim ilar m tore (ctarro 20* ?lg«21) 
as that of ehroaiic ehl<a?ide potassim  ferro cfan i^  sOxtme^ 
The c<mtenti<m is  fttrtber mipported I37 the fact iim t the 
|ii dt fh® Mixtures gradually increase v ith  tlae*
The interestifig infonatloci ohtatzwd abcmt the 
chroEiie chloride ^tassiu®  ferrocjranide alactee neeessi* 
tated preXiainasy s ta le s  m  the kinetics of r»ctio&« 
^  eicp^imental olsiervatifms cn tiie variations in  0«D«
^  a r(iii}  potassiiM ferrocymiide mixtures ^oiied timt 
reac tlm  is  dependent hoth on tiie conc^tratica  of 
C r ^  and FeC^^*"^ (Fig# 31^ 32 ai^ 33)» I t  m  ^ t h e r  
observed t ^ t  the range of m si& tlm  in  0«J^ « fbr so lm tim  
eoixtaining fixed ai!»iEint of potassina f^rroejTMiide and 
varTing ^sooats of ehrm ic sulphate are l&rg&r than for 
^ iQ ti^ ss ooistaining fisced em»mt of ehraaic sulphate and
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mrying m om ts of pol^ssim  ferroe^*anide (Figs* 32, 13 
Figs, 36, 37> and that addition «f I^SO  ^ (1 0 " \ to 10^K> 
apprecdably reduces 0»l>* (Fig* 34)* On tbe ahom 
tmsiSf th© toUcMing &@eh&Td^  Ib ptzt fcmmrd for 
tl»  chrorale chloride potsssltaa ferro^rania© react lorn
<1) Cr™  Feqyg ^  -• GrCCS)'
0
CH) (FeCy^^o) ♦ C r'”  ^  C r™ (F ^ ^ * ^ 0 ),
followed lay tbs c^taS^lc deecM!ipositi<m of potaasXvm 
fmTGC t^mlde
( i l l)  Cr(CH)** •* 2!»eC3rg '  iTeOf^^O) CSrlCH)
(1») OKCH)j « 2 ^ 0  ^  OrtCS)** •* 2BCS * 20H*
AcKSigst tdaesef r^ e tlo ti (1) Is a slsow ree^tloo
MMWNttpon both the Gcmemtrati<m of &a& Fei^ jr^
w hilst r^e tlcx i (11) is  a fa s t reaction repres^itlug the. 
fC3®mtitm of the eo^lex  Cr^^(Fe^^C^^* E^ O) • l^etloD  
( i l l )  i^presents the cntalytic <5ecasjposltloii of FeCy 
eatloD Cr(OI) a&d ticmld he depeoto^ i^ poii ^
i^ ncentaratlem of FeC .^ • H^etlem (!▼) takies pl&o«€>
due to  th© t^rdroljsls of potasslm  oyanlde (£0H tlie 
p ro^o t of )]gpdro2^1a) t^e fB. i^ i^ oold he dep^ideat m  
the eotK ^t^tlo&  of potassliM f^T(»!7aziid«* resiilts 
m  the m rlatl(m s in  pH are represented la  Flg» 35* 
fh% aeeliaiilsa p it fcmiard for Ihe resetlosi fizids siiijport
la  t o  restats on tSi® ecMpssiticm ehposie f«n*ocspmiS« 
ip* 42) «
Ctaxsle ehlfSPide potassim  glut
aa insoli2l3le eo@p!l^ lAmt t o  reaetim i Is earrted m t a t 
highor teisi^zmtiir®* Ttm eompositiim of tim eGis^ Xm m s 
detwaiaed W  ^ap^cjastric titratisais#  eurroa f«» t o  
d irect titra tio iis  are ia  nature (Fig* 28) and g l^
t o  ratio t aqtiiir# Cr t 1 a<|Ui7« FeQr- ipm96) qb&o
Iteaee t o  isaiq;>ositi«m of tbe precipitate sboold
A i^roetetric t i t r a t io n  carried out b e ^ e ^  ebrooie 
c iito ide  mdL potaaM.m f^rroeyaaide a t ^ i t  giv<e t o
isiolar ra tio  Cr fFe<^ as t«3i1 md 1#5tf (fig«
6
p# 97) P vhile for the rererse titra tio n s  <Fig« 10* f* 97)
a ra tio  of 1t1 is  c^^taiaed# Fw^&r from t o  satore of
tlie Qvam 9 (Fig* 30) i t  moL be {^ mclmSed t o t  b e tt^
restaXts aare olitaiasd with d ilu te  solntim * Hie ooi^poi t^ioss
of t o  clirars^ ferrics'aaid# on t o  Ixasis of
^ e ro e e tr ie  titim tions «oiild be ♦o
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l i t t l e  a t t ^ t im  has m^sEt ^ptM m  £a^ Mm 
s t r i n g  t&e inteimetion belaie^ Be^ and E^ PeQjr^ * 
Pi^lioiimr^ d3p^tia@&ts ba^e shaya t ^ t  tli0 raoetim ^ 
ar@ siia^  a him  eolour dewiXopa In m fmr mimtea vtoiM 
m  inmmsSm  tb@ $0 th@ solutiQH (|B 4*5) I t  talBia
a l i t t l e  mm& tMm to do so* Farthert d i l ^  so lo tlm  
!six@d a t give a %rMte preeipdtat^ alaost 
iimtaatamoiisly a ltta ig h  i t  g@ts tasfsiisb^ vitfo a g r^n  
eoloor a f t ^  a tm  siiisntas* Concentsatad solutioss 
iM/2  ^ ^ 5 )  g iw  m whit© ppacipitat® even a t tfee »oo® 
t i^ j^ ta r a ^
fh e  appearm ^a o f  b t o  e o lo u r  in  s l i ^ l y  a e id ie  
s o lu t io n  o f  potassiiiE i fera?o^sad.de in  p r a s« ^ e  o f  m i l  
asm m ts d t l^ r sr llitsa  icm s (  B x 10 t o  1«6 x 1 0 ^ 1 0  W  
b e t o  til#  da^s^;>o3iti(m  o f  p o ta s s im  tm twoe^m SMe sad  
m i!^et|iient fo r m tic m  o f  P z ^ s i ^  M.tta« k  d o l l a r  
M a tr io ttr  tm s obsanred Ijy P ia te r  ( lo c *  e i t # )  t& r  ^  
in  a lig h t l^  a e id ie  so lu ti< m  a e o (^ in g  t o  t i» i fo U o w la g  
#i|im tifm s
8 FeCy  ^ ♦ 28H*’ ♦ Og s  4K (F®<Pe{^)^) ♦24h®  ^2^0*
H ie s e d ia i^ ^  ^  fo m a rd  P in te r  may a ls o  tie ap p llad  
i n  ^  m s e  o f  S p e e tfo p h o to se tr ie  s tu ^ ita
wtm eaxriad ORZt to detersizie the s»ole ^  Be osi tbe 
daooE^itioii of potassiw fmoc^rnMem On plot^ Li^  
tlie d iffm st aistives M  bersKLlins ^ l^ d e  and 
potasaiis fiovoegn^stde i^ ndLait tjbae« i t  vm
i t)  deeQS9}0@£ti€ai of fesi*o^mdiae is  a Bham
jwoemsf Cil) i^c tiG ii is  opm the
tlm  of hm?T^a±m tmm^ f a s t^  a t Mglier eo m m ^tle
tterrlH'om 1ms ( F l^ ,  Mlm ftmm aim  mppeors m tirotk 
in  th@ at^Tl^icm  &wnms a f t ^  aboat 80 iniiait^ 
tvm  wtieh i t  m y be iafew ed th a t alto^tim p a i f f ^ ^ t  
rm etlm s take pMm in  mrl;^ s tm ^  ani ^ f ^ i f t ^ #  
Fioptii&p sttppi^t to th is '^m  pc^jot is  fcrtlieGe^g 
m rm s sre drmm Tmtmm eam&ntmtim. of beryHina ions 
md 0«B» a f t ^  ^  aimxtesf 90 rnimtsB andi 120 laisatas 
mspeettv&l^m Frm Fig* 40 i t  aay be ^^leXisled tliat 
btryiXitsa ioQs a eata l^ tie  ^ffeet upto a
api^KxalmtQly fO iaiimt@s« 4 OQBq;M«tivt s ^ i^  of iAs& 
ti$€3rog€ii and berjrllim  ions sixnr ^ t  the a!»^?i^tioii in  
prmmnsB &t isydro^^riQ mM  is  mrnsh less tbm  in  ppm nei 
of besynim  icms Cfable XII n6^ Fig* m *  Tt» 
speetzophotoiBetrie stoiiies also shoir ^ t  ttm  reaetion em  
best be s t^ ie a  a t 450 iso#
In os^er to elaciaate eoispositien of b ^ l l i t n  
feirn»€3ranidtt bol^ ooaduct(»ietrie md msp^amsMs tttra tio e  
vmte mrrSMA oat« <^3is3\iet^»t?io titPati(»is vmee eazvied 
m t a t t ^ ^ «  30^ (1^2 &B& m/5 m lv^tsas of tim x^ots& ts)| 
and ^  (d iliita s o ln tif^  yaaiging be^^PB  ^^tOO to 
^tOOO}« With f^m ^ tra ted  solxttioiia of tli@ r a i e ^ t s  
m tios 2 tt ana t i l  iS tt* sFe^^”~ * )  ®ee o b le ^ d  
(l^ble Tt Pm I ts#  Fig# 41)* ft»m  f^siOts in d ic ts  the
fmimttm  of tm  se^ tim  &&
I^B^eCNr  ^ ^ 5  ^ lu tio fw  Titratiems eaz9Pied oat mt 
^  aM 80® givs© two breaks (evBfms 4 to 8# Figs# 4t&t 
4SS| vid® ia3» 12t4)« !&9 i*atic@ Hi@ r@act»si^ 
fm a tbe tlti?sti<m an»ves scia© w t to  be I t l  md l i t
sho^te  the extstm m  of Hie cm plm  as
well as K^Fe<^  ^ (aaso^ption co^>oi®il5*
A@|>®rorai1^ e titr&tl<m mtho&s presmted m msaOieaf 
of d iffie tiltie s  e ^ ^ ia l l^  the ehoiee of Hm 
st^porting electrolyte ax3d eleetrodes to be «^ »2flgredl«
B ^U iiaa  B itm te as awh dM sot g±m & m m  (Fig* 43&) 
altbTOf^ keisila and m eballski (eo llee tim  Oseebosi0ilir# 
C te*  CoMtms.f l i  436} rejKH?ted B| i mXm  aoStr 
t^ s e  asaditions* A xsmb&r polarogm is wera ta lm
with d l f f e i^ t  s)]|)|H»rtl£^ @l^^ro3^rteSf a&xSiaBM m ppa^m t 
dip type and fibre type oaloes?! eleotrodea ai:^ « ith  
aercury pool (p* 126)* In most cases well defined m v ^  
couia not be obtaixied im tead a fa f^drogea m m  %ms i^^iHsed 
dm to  the bs^drolyais of Be • Aiiot^r factor s^epooaiMe 
for the im^&dLstmG@ of m^es sia^ r be l^e i^BAmey the 
Be to  tasilergo cmpXex ism form tioii with ^  siappattim 
eleetrol^rtes* Ttm chlorate aM the peanshlorat^ imm 
& l i t t l e  or m  tm ieney to  f^ns ^s^lea^s with m e ^  iims 
and h^iee ^isse ym^ tried  as the supporting el^^pol^te* 
P^larc^aei^ of ia  ^ s ^ e e  of potassim  c h lm te
p^tm ^m  pm tM em te CFlg* 43B* 4 aid 5) ww»
fmmd to giwe 3^eve^sible yaws with E| m3im in  tl»  
v le in itr  o f t «8 volt* ^  ^©ductim a t SEP eotild liest 1)9 
(i<»ie y^th tb& aem iry pool (Fig* 43B, ewnm 8)* tfe© B<j^  ^
'm lm  te isg  1*851?'* I t  mM fur they fmwd tim t satis^^rtflrr 
resu lts coulil m t h® ohtmSMed with BdC^ aolatloii* the 
polsrogsmns are shorn. Sm Hgs* 434 md 43B«
laiili3g detsrmiB^ tfee optSam for
o%tainii3g a mm^ sm ^rsm tri.c titafatiia^ vmpe*
tmrried out &ppt^ ing a |K » t^ ia l of 1S5  9olts* DSreet 
tltarations (B©^ !» t^e ce ll) did not give satisfi^tcisy 
resu lts (Fig* 44)* He^rs@ t i ^ t i i m  esxtied oat 8CP
gav© t o  ra tio  Be sFeC^g as 3t2 (Fig* 45 bsb& jp* 114  ^
135). TIi© ooapositicsi of tl® eoiaplsx fca®®d i:?f ttoe 
iMMiticm of tseryllltia n itra te  to potassim  fer^ocy^sid© 
would be I t  sigbt be recalled t o t  the
otfeer coBplsx fomed Ijgr t&o addition of jKJtassiiEi 
f^TO<^nicle to b^T^llit:^ n itra ta  imd oois^^c^tion 
l^ BeFeCsr^ * liocentl^ it  hm j^ ipacte  ^ iWrnu 
3oc* elt*) tliat tb is  reaetioa ean b@ veed for Urn estloatio 
Be * In v%m of tlie deootapositi^ of potasste 
t&rroc^ axiMB bgr b^?rlll^  lo ^  as well as atsmm 
ad ^p t^v e  cmpicit^ t^e precipitate bolii for Be^  
and i t  se^ s highly in^rotebjje^
Tixe otf the m  tba
i^ Eist^ Qcse ^ 4 a t io ii •  ?«daetitm p etm tia l in  m e^  
t&ETO* aM tmnetGymiMe mmetSma s lr m ^  Imsx 
mtmed in (Sa&ptm tU of tbe nirnstsm 2zi i9^ 7§
Cloc« e it« ) stuiliM  tl»  fGs^ticm  of iron ialiiies M ia tisis 
aspect m s able to sIkut cim litati^ely tim t 
foxmtion of Prcission blue sbciuld he a s3joir pvoe^d sine# 
i t  is  govemod Iby t^e r@ to poteaatials in  tli© pdactiosi
F© ♦ F®Cy^  ^  ♦ F® ♦6 o
Sine© t l i^  notMiag has b©^ dcaje to <m3?iy out a ertU,mX 
s to ^  ot tills wmetion as well as other pB^hahls roaetioos 
of th is natOF©# ^ tiM s  lilse Gii* ^ FeCyJ*"^
♦ G a  I  FeC^ ^  <► C r
f i ^  ♦ T i ^ ^  + FeCir^  * ^  Ite*^ ♦
^  m  r  F®C5Tg etc# Imve not yet \mm inTestigste^ 
3 ^  aaperoe@trie t i t^ t io n  aetfaods as well as them 
c€£!^ aet»3@@tii7 and potmtim&tgs^ vmfe m p la ^  not 
to  determine ti& ecsQ^iti<m of tlie reaeticai products 
\Mt also to kom tibe ro le t^e redos potential in  
sodif^ing th@ nature ^ d  oonp<^itim of eoi^ i^^ dSEes 
f<»n3ed«
&@peroeetrie titra tio n s  oarriM  out betipeen 
mi^ ptma ohlorid# aM potassiisi ferrocyanidd a t  0«6 volt 
(both d i r ^ t  and retrerse) gliw a laolar ra tio  of I t l f ^  
tl^  reactants (p« I69t our'fos 51 &od 52) %rliile tim 9  
carried out axppcms cMoride and potassiiM
•  t4 l -
f^TicymSde a t 0*0 volt aM voXt give m m tio  
t m  1 $2  ^ a ll to a ^  a m tio  111 Is  alsow
otoLlaea fvon la?eak In the GwrsmB a t  0«6
CFigs* 531 54, 55# and 56 p , 170)# Assi^big that
^daticai» i^iicti< m  vostctlm Ctt *
Cu t  FeC^. ta ^ s  p2ao@f the @(|t2iXiM.tiii c o i^ t^ t
Cm^ X ^
K « e 3*7 X te r dr ^
da X ®
•  0#44 v<^t soa -  0*17 w i t  respeeti^ly}# ft® 2^^^ 
of K points tomrds t^e fae t tliat (^ ia g  
rm atlm i most o f tfc© cuprous is  osdAis^ to  e«pyic 
potassliis ^STlcyauide is  rediKS^ to  potassSssi f^?roc|^»ldi 
ajss! the fs^ u c t of t2i© ia te isc tlo n  widld tm 
mipric ftra’oe^ '^ Hld©,* 2Ms is  om tismd the i^ tio  1|2 
otitaiijed fi?e® mp^mmi!g^m The r^^ticac© he 
i^p?es®it@d as
Ol^d^ % % lECa •  2
2 05^  ♦ s
t te  o w a l l  2^etio&  ytnUd be t
Ci^C^ >• 2E j l^ g  31
fh© fa tio  Iff  also  til® rnpm tim  of c a ^ w
t 0% ^  ♦ «  W a ^  ♦ 2ISI#
•  a4a •
WmftSbBT scmght fear ^trsTisg ^
t i^ t io s s  ^ism m  Oi^ Sl^  sso& potemim
f«n?o* ana Mm  i^ tid  OoT^  t
4»t -HiM* *
Git f ms tmsA to be 3t2 ia  l)otli c&m
ana tlie cK^ x^^ itSiQii of tti# «uiarie fm o* imiel f« i^< r^iaiii6la 
eoBplea^# %rnm b© 
y ^ p ee ti^ ly *
The re su lts  of the a i^ F o i^ ^ le  titsa^i£8i3 h&immn 
TiC iii) md potassiiM ferro* and fe » p i(^ ^ ite  aaS.
(Sf ^ i t r )  mid potasslus fexro<^anl<la era stssmrtsoS in 
fables 24 to 26 (|^# 174» l?6}« The d ii^ t t i^ tlc e a  
hetmm WSl^ a»a K^ FaC^  ^ give t^ iea l ctaptes (Figs* 59 
azei a ratio t i l  Is foaoa for tlie tuo raaotaatsi 
pointing tma?da tlie f^em tioii dt ^  ooi^lez STi^^Fe^^Qf^ 
All^ sofigh mimes are not reaHaad for tlia
re’^ ^ e  titratloi:!# these say be approadsMited to
eams^ lMx noold thm  be foraed aooordisig to  atol^^iioiaatr^
Curves for ^ e  tltratloD S betme^ tita a o ^  ohSorlde and 
potasslisi f^priegraaide (Fig* 61 ai^ are diff<»?t^t 
froa tt»  t^ p i^ l  titratloE i eia*¥es asd the region of 
em stm e^ t& almost a l l  the curves ecmM be ^ cp la lj^  on 
^ e  basis of iSm l^drcdiytie and a&ser|»ti^ peopmetSm
-  a43 •
f% iF@^g ecxi^s m% to be t i l  <fieilile 2f^ )pp« % \^ 
%m£XA mximl2y r@p^s€^t a omp%m 'but
IMS app^jm b i ¥l.0tf of ^  eaddaMoii«
ired^^on p o tm tla l eslstlug in  ttm aystea Tt *
^  ^ a K imXai ^
Zm7 z  10  ^ (p# t7f)« iMs Ijsffge vo3im «f S tli®
ifeaeticm 3h0Q3.d t i ^  ecnirset ( i)  ^
K^ FeC^ g ^ nc^j^  aaa fici^  4^ K^ FeC^  ^« + 4 m #
?ti© aspeiros^tric between tita s ie  ehlorMe end
potasaltst give a *atlo 111 fc«p the t ^
im ctan ts (p# 1 ^ ) semI h«»5© tbe mg^&c titan ic
TV IIf^eroeymSAe Ise reppeseated as f i  Fe C^,* Hsap®o
also a Tmge of i^sE^tan<^ la  t^e titzm tlm  carw s Is  
foisid (Figs# ^ )  %^eh again might be attifibtsM
to tb& stapom temdmKi^  of titanitas e o i^ la i^  to
C!h3*aQ0tis ohlioride solution with m  oad^ticai 
p o t« itia l o f •  0#417 be able to  rei&ee p&tmsim
terricyoMde <Bo s  -0^44'?) eomidenOJlr two
oospoimds a3fe aaSe to in terac t with each o^ber* fhe 
Insu lts of a iir^ t «penaffletric titx^attaos (Sabla 2f p« ts;
^ 1?© a ra tio  2i1 CQp iFeC^- }• tJm ^  tSieo
Of an 09dtjaati<^redii^i0n potential in  ths s^stiii 
(S •  2«5 ar 10^^t  ^ e  following 2>^«tio»a nay be
•  m  -
coiyyespotKi to  tiie irmtio 2i1*
CrC^ ♦ ♦ KCl a
CrJa^ + ^  cap -►
fSie jposslM lity of reasticJBi CpCI  ^ s  U3ffe€|r^
KC^  is  ehsraede c h ta l^  &o& p^ t&sslm
f«proc5fas4^e do s»fc reaaily  x ^ o t a t tl»  ordSmzy 
teopexntur® Cvide ^ i |^ ) #  the cog^ifsc tmm@& in  th is 
case tai^pefor©* be cap^Fe^Qr^* fte  ra rm «
t^tratlcm s (Fig* #>  a ra tio  3i2 <Cr^tFe€Sr^> i»sX 
^  ets^^Nsitimi of t!b& Qhatmxm f&sTis^saMa iiot04 
eorrespcsna to cap^^CFe^^C  ^ ) «O 2
llie proWbt& seacticms betsreisi masigmds stil|lmtQ 
and potasdim  fei*Foe^anid@ be i^presm ted as
(1) aaijOOj^jj ♦ ^PeCTg ? i ♦ ^ so ^ >
( j i )  a^ (so ^ )j ♦ ac f^iBCyg ^  3h^ so^ .
( u i )  i«^<30^>3 * sa^JMiyg ^  2»>sOj^  ♦ •  *i«>^
foiloi»S W  a i t l ^
(It) fS^tSO^), -  a^PW^g ^  2B ?W ^ (^ g * a^SO^ or
£▼) 2H0o^ -  a^re(9g  ?=* zxs^n P ^er^  *
TmsUma Ct) ao^ <2} iieNaM iAtm m Clii)
mii acc9blii0 la  ttis s * a ^  2t |  sM  t ta  m p e« tii?« ^
-2 4 5  •
Tm^tixmsO} and (4} ix/aM ^
l i t  Q&d O ) aM Cf) gim ^  z^ti^ It2«
t i ts m tiw  m C tit) 2& tli« eetX gtv& a 
m tl0  111 C^KI# 27,  179# Fig* ^  tli©r®l3r ito dag
^  fcrastlisfi of 1^ © eo@p3»z the
imtio 2f1 CHb fF#C5y^  ) fcap tlie r@ w m
tltsmticms C^ « 1^# Fig* does i30t f i t  In tli$ a0i!i»al93i 
si^gested alio^^ protebl© reaeti<m for fatlo
i«iy bei
K^ FeOTg 4- a* ^  (30^)j « Eta^^Pte^^oyg ♦ aaW so^)^*
iniiis 3reacticm sl»3isr@ that th& eaopli^ ^slcm is
also fom©d dtsriag the eoisjme of reactlsB  and eDefirss
t o  views tJbb@l«^e (loc* clt«5 ^  t^ »t »i(S©,5*4 t
is  iEHPariably pmmmt in  ^  E^iiga^e suxplmta i^attce# 
Hie s^peronetriQ tltmtixmB  bet»i^[i M i i i )  os&
ISO* Mg* 67) alao give iadir@et proof fm  tii« 
preseoee €f & fatio  I1I for tl^ i*€i^ tmta
is  ol»taiiitd aad t^  issolnblis eospte watOA \m &mm& 
i^ seoi'diiig to ^  ^lyatioiif
KjFe07g ♦ a^(30^>3 x + 1^30  ^♦  DWtaO^ )^  ,
€sf HoC?i) with potssaiim fam ^^yoida 
^e ist hoth in  m& tosolsbla tmmat th sir
fomiti«m dapat^ing m  t^ @ ooo^tam tlm  of ^  r^ e ta a ta  
aa ^ 1:1 as m  tha $E ^  tha wsmrnt ipm Sp^ ;ti*ci^ pMO«
«@^*ia sa^iods |loli»a aa^od a»d IiiBitlag 2 i^ ^ itte  naM Q
wmee eetploredi to the emp&sttXaa of tbs s@ 3ii^
m&plex C f^dish I r o ^  ia  eolon?)» fiio m ts  of ol»NHnRRtl/aai
with M /W  and ^500 of e a ^  o£ tlie
takm  la  the 'mve r^sim  4^5 imi to ^  an
(K?* ^90 ♦ t95) laorder to  toon tbe eoai^»eitlm ef
OGi^l^ iir«lX as to dot^naine of ttie f  oraatian
oonstaat zm  •  212), OiOy oiie peak m s m M soS
tli3 0«B« of ^  sSsEtiros are plotted agalast ^
m lxm  of m iw tl t&p the m tire  Tmge of wwlmgtatii
s1^i@d« fh is aeeording to  Toslstir^ a&d Oo&pf^  Cloo# ^ t« )
ifoald p< t^at the fossmtioii of one ooe^lex wltlt
eoEilslnlag ra tio  m int) t F®Cy^*~ as 2t1 mid ft)
SIM lar 3*escilts obtained v ith  tAxtwtm  lo^ t ov^eiml^
Imt al$sorptl(m valxiss t i ^
t o  ^ e s tilr  pa^pared idxtEis^ (tia !^  H I |^  t | t |
Ffs^  7S)» Figs# 71 ai!^  reppeseafc re^ ts ^  tSmHtSm
logaritto  ^ t ^  C2 t^»le 7 aiid VX^  p« ff5># lSs» xmtdan l l  &n1
^  ooEies ^ t  tio b© 2 il«  fbs <^n^c^ttOtt ^  tiM 
o» th . l« .t ,  .tf the » t lo  VOOM be » .« » « «
to  the e<|tmtio»st
•  2<Me^)<32 ♦ 4^o*
2(»c^)<aj + s  (tw j^jJwssTg ♦ teoi*
Ib> avusge w lxe of X wts fwmd to tw 1S»55 s  le?*
♦ a4f ^
31^ m  tihe eoadnotcB^tzle aasS p o ^ tlm ta rii
titm tio fB  betaieai eel<l ^  patftssiiai f«apeeg?«M
are sts^ariis^d In IBablas 21 miA 22 (Figs# to @4)# SNi
m tio  2!t^iri) t I S.FeC^. is  fooisS ligr bot^ t t im4 6
a mtSx> t it  i$ also fmmA tern %tm 
a^ trle  t i t 2*atJU»  ^ CFlgs* ^ #  77 sa i ?8>#
M itiii) ^ fo tasslw  f^ KTO^^anlide m/M
wst b0 isactmst^aij ?h© pot€®itic8 t^riiB
/
mi^mpomtpie z^^Ksds eould i^ t be e^aplos^* OBoguoteawfePtj 
titT a tlc ^  iTmW,Q 23^ p« 214) a l ^  did m t p rov i^  
satisfaetory  i^ s ttlts . €fe tli© olisfsp hand 
potassiw  f@i*riey£Baid6 rm m tlm  omiM sn ee^sfiil^  
studied eoi3d^tQi!»tifio» potentiii3«tMe and ai^is«ittstrit 
i!^thod9« A s i^ iifie so t po ist atsoQt tlie 
titfa tio ti mthods is  l ^ t  e&i^ ld ^  p&rttssm  ^ Isntli
l3r Qstablishii;^ a fe«?o» feiTicysmide 0 » i|^  at ^  
l^tizBm  SM lmtor and vl^bmit i t*  fbblts t4 f
25 aad 24 gi^e Hie m^&aas7 of tfa» rem its  «b <KJiidiietaB«t  ^
pot@2itio^t3rF C F ^«  ^  to  tOOg p» 215 «ad z%4} «ad 
^  Xfttio 6OQ03 out ^  ^  l i l t  p^M lag
^  form tieo  tlie eoeiplax
titi^ tii:m  e@3Tied out at 0«0 volt (fables 19# tf#
Pm 2C3e» Figs. 1€St ^^ 3# t04 tO f06) sOm gi9» a 
mUo 1ft i^rnmW tbe i»asiats ^  ooodiiotaiittrie
l^teiiticetotrie ti^ ti@ m «
zm  -
It !mi3 timt el0^id»
potassiiaa tmroc^mMe reaetiozi em be ^Sflgrod ftar li^  
eoloriiaeMe estim ati^ of Cr(S.il)« I t  
^ l e  to msaAm Aether tt:^  Ilo(vl) «» fezroeis^^aid M ieti«i 
^mld also he msplxf^ for tMs ptsrpos## Mlnte so l^ o a  
of irazTing aiaotmts of iwm^ tCk in a flaetd
a@c^t of KuTeC^  ^ al1l»ya^ ®&ird ^ t #  higli mH»di
oi Of0« in no a stxmight ISim is  obtains «t
4S5 i^ t ^  l08er ecsie^staticiiis of ao3$1ataai
Cffefei» 7t Pi Fig#
rn'i^ MmBem ^aaemeim^^ ana eisrosle f i groeyaai^  
stm ig  tendexK^ for gel formtic8i» PvtUsSnu^ 
cm tliis asp@ot of ^  f&eroq^amsm ^mp2m warn «lso 
taaii«r^ i3Eim» A ilSito a
c^@ «Q ^tioii 2 gEis# per l i t r e  eonM be |]9r mMSt^
ealo^t@ d aiaooats of is o la te  aeid to p o tw ita i ^Mrmeyaidh8s 
in  Hio xatio 5i3 t Sj^ FoC^ )^ (m ^  as^ is^ tta i t e t
^  int^m otion be r^E^s®it«d mme&im to
sto iehiasetrio  oqoaticmt
23^m0^ S ^
fi^  »ol on d ialysis t&p Imgm^ periods (4 to  5 liom ^ 
homm tamtablo ^  ^  so l was fenaid to be n e ^ tiv o ^
(pt a if)«  m» m m l n s t^ s  of fo o lo e^  asalgrsli 
empoapa^ont fu s in g  oixt^  oonl^lled ooagtiSation did not 
tmmfmm  tht s(A i i ^  a tel*  A netr f&r obtalidUif
•  2 ^  •
t o  gel tomd A so l of
tmme^sSAm ms propared a<Ml3ig trt^nfiso oo»emti»ted 
so la tia  Gf i^ Sylsdie meld (tO ee} to large
of po^jid«i fmoeptoidl# ect
fose alxnit 15 sinates aft«Qp ^ d itio a  of mish ^r<^# ffe» 
^ 1  otitained smts Into a ^  in  110 to 120 lionrft#
Bern m^pljamtUm hem for eon^itio»s in flsiiii^ l^
j!»l«fel traasfonm tlim  in  ^ ils  oa^^ ( |^  221)^
<%s)0« i^ te d  soluti^sis of ctmssdc eliloxl<te and 
poimaim fmoastmlde ^3im saisad at a tmpmmtate of 
8ff give gel mxitable aamami^ mtliEm &t ^  M otetSv  
I t «as foisii ^ t  of gelatlOR is  wgr sm^
iafli^ ioed  ^  th9 s^ la r m tio  of t o  C fal^  Sf
^  ^ 3 )#
(Selatico osii€» sK»Fe or less s in ila r  emiSitioss imi 
p^siM e in  t o  eaiNi of a l t o t ^  a
s tiH  faigtter t^p ef& tve  ($C^0) is  7e<iiilre&t a li^  t o  
tSi^ geSatim  is  iiif3ne»sed ^  tlie ifttio  gC t o  
m e ta n ts  (fat^e H f p«2a4}» flie {j^^aamaa t o  to n  
«]iq;»laimd tir ooBsideFiiig t o  effeet of hlglieip 
o» Mah mt oi3l7 ^ Ip s  In t o  fomaation of an insolglbla 
^3B|>lei: bat alao d^spmms t o  so ln M li^  of t o  eoi^pmd 
to ^ lQ r tedLldi!^ tq? <»>lloidal aggregatas of msSMWm 
rnmmmiom tmp g e ttii^  a gel stmetixre#
•  350*
to  mm i t  s i^  lie said tlia t tiso problea ^  
metal fmeTos^amgm ^mplmma pmmsma mm^ hidikm 
p o t^ tia lit ie s  amA tmc^ fie ld  s t i l l  rmmim mmmeedm 
Sam of Urn vs^^sp^eA &sp@ets of the b&m hum
ddseritied in  tlie t ^ s i s  ¥i1^ ^ e e ia l to I m
knom mx^^Xema «iplosrlBg ] ^ s i ^  s^f^iods* flu
8 tn ^  is  m tias^  do^ld ta  aiad fu r^ i^  ^ if trm tio ii  %gr 
p|];fsie9M 0li^^l as well as of ^itiidlieal ^ » :^ i»
is  lii^3l;r d@9i2%lile» ^  wSBpk has h&m mtmaM m i 
m fm  eacp&Fiamts^  rm ^ ta  tm ^ i i t i }  and QKii^ tm m  
maA fe r r ie f s m id e a  e r e  g iv e n  iz i ^  mppmi&ix^ O s S M M g  
tm im dw  <»9^1at98 also m^d a a«tadM  stoa^#
mspk in  tM s d ir^ ticm  is  also being m t la
tbffm lAimmtmMLmrn
A P P I S B I X

LJUL&MMIM
T n w m m
Tim SMmpmaes reaehed ^  eonpei^tioii
of ^ i i i )  ferroQ^mrngm &mphms descrlbea la  Obapte 
H I cT iAm thesis seeded fiaptfe^ eliwldatloa* C eo i^ ^  
m trle  tStSBtltiOB wmm^ . Urnmimef perfcameSi ^ th  HiClii) 
aM jj^tassim  fezro- ferrlcyanides* MmweBes^s 
«©re toPiod ®at -^ith Casibridge caiaucttvlt^ bridge at 
30®« Qn2y reirerse titratitm s could perfoused sincse 
tim cmKdnet&ace mlms in the direct titratiosd vere t/oo 
large to give appreeiahle imriatioas «ith HaCiii) In 
^3J.« resrOLts are tabulated in the ^^Xest
l^ble tm
of 0»0I33H ia  «ie c e ll s  30
?{^« of 0»C^4  ^ GoQdt^^oe Oorr* (M hxe^^e
^HgCSO^ )^  *  10**^  !^»8 * 10*
0»0 ee 1 «a^  f ^
0#5 «o 6#7& MO
1«0 <HS t t ^  i i M
l#5 «o tM O  t4«ff
2«0 1f «00 tS *{2
2*5 «e ^*12
l#0 «e 2 1 ^  jD#lO
1*5 <m 2|*00 2 lb ^
4^ 0  2 4 ,g >  2 f # f
ilo  M 2«»50
«e
>♦00
t #  m
•  252
m i# oi 
^ < 304)3 X 10“® niM»
QoEST m
X Vi^  itaos
( F I s . t<^» cwwa 1 , 2 ) .
Catila n .
Tel. of 0.0<»! EjFeCTg la «ie ooll s 30 es.
of 0 ^ ^ ^ ^  a®E^^ t«W50
llE^ CSO )^^  3C 10
0oa?r*^ffl^tisto3a«e 






* 2 B  -
?oU of 0*01<M In ths oell « 30 «e,
7ol* €rf* 0*07^^^ C^afidastsmce






t «^  ee 
cc 
cc
1 ^  ec 
2«/D ee
2 ^  C€
2 #5 cc 
3*0 cc 
3#5 cc 
4 « 0  CO 
4*5 ce 
5 #0 cc 
5*5 cc 
cc



















(Ftg^ 108* mrv@a 1 & 2)
Tbs rem its tm the c<aidtKstoi^tPlc titra tie a s  
givm abo^e my lie mmmrtBM as foHcmsi
TM m m .
m *  Go®c# o f m ,  of 0 * 0 5 ^  ^ t to
S^reQfg ^ C ili)  froB tiie eanres mii$X)iV9Qy^
30 OiOlH 
30 m t 0«©I3^
3*5 cc 0^7 t«n g*l07i ,
' . c^rro 1)
4*5 cc il<Fig*tG7» ,
c«rw 2)#
7<3ilm ani of Tol* e f ^ t t o  « « •
E-F®qr. liaCtii) m c tii)  t F««^.
® ftpoB ewTfm ®
3© OaOIM 3*€ ec, 5»7 ee ti1 |  Jt2 (Fig# t08f
3© ee* 0«0I33M 4#0 ee» 8*0 ce 0«75t1f 3i2 (Flg« tdSt
enmpB 2) ,
For tha I t i l l l i)  po^ssitBn ferrocjpaaide reaetion
tfc® ra tio  H i) t FeCy  ^ coaes oat t© b® searlsr ti1 
which m s obtaiiaed foar d irect aap«poo«t*le titsatioDSt 
iitm ra tio  2 tt hmw9^ is  iiot realised* 4ecordixig to 
•Ms f« tio  the stoichi<^t^*ie etimticass m y be v r i t t ^  ast
¥ 2 K ^F^^ 2 ♦ 2 KjFe<^ srg ♦ %30^
ItogCSO )^^  ♦ 2 Ejl^qjr^ 2 3 I^SO^
oirerall reaeticaa %»«M l>ei 
2 » ^  itSO^), 4 2 ?i 2 Hb“ ^S04 f  ***2®®4
F^ o@ tbss@ r^e tio fis  i t  is  eviSmt t ^ t  an oaiEidatiim 
redi«;tiem potentiaX exists in  the m C iii) « potftssiim 
femrooFa2iid@ r^aotioQ*
fl^  as^a»Metrio titratio& ii b&d provided « xmtio 
l i l  for tJ3» l&Ciii) •  KyWmt^  ^ reaeticm* Frea results 
on tbs 0C«idtB!t0B t^a7ie titm tiosis l^tifeen H&(iii) mod 
l^ F ^ ^  (tali2is XT) a i^ tio  3ta is  also fcrnd b^idas the 
i^ tio  111# fli© eoi^ositicm th® mmpXm femed wHl ba
-  2 5 5 -
to ttie mxsjgmim stitrnrnm
M<^{so^)j ♦ KjFoCTg - f  a i^ P s ^ c ir g  ♦ KgSO^
3 »l2<S0j^ )j * 2 KjPlBQ^ g -> 2 m™P0C5rg * !^80^ ♦ 4 K
I t  is  &mSn tnt«?©stiiig to ol«i®rve tlsat 
for the ^st*3si<^ of t l^  ecaapto m ^m  !ia,<SOj^ )^  %m 
forthcosiiiig cn the basis of cocKtaot^sastrle tltoatl€ iis &2jo«
Ttm. following aspects c£ p rob l^  m. ti»
propertias of chrooous tmv^Gfmi6& have 
©Iso hmn stadled ^  o tte r irork^rs ta  the lafeOTQtoary#
t « Direct pot^iticsKJtrlc titm tio jis  imFrieS ottt with 
0*0^, ©•02^f, aaa 0#0I2^ of Cra^ In tim e«H ai^iiast 
©»IH E|^ F©Cy^  a iK»lar ra tio  Or t as 2 |t#
H@^rso tite tic m s  earriod m t id.t& 
md E^P©(^  ^ in  tfe@ eeH  against 0#3I^
tiae re tie s  ‘Ii1#2t l»1#1 and 1i1*1 s?@spectiw3^«
1!he rostJlts of ills^cst tit3?atloBs ecmfim
of tl^  aE^imeta?lc titra tio n s  descarlljod in  C!iapt^ lU  
of tl}© th0@is# The ra tio  i points toicurds
tte  form tlcai of ^  casplm  I^Cr ^^eoraii^ to
th® poactiofit
cs€2^ 4» K^FoC^^  ♦ ®31 S C^ pCl^  ♦ S^FaQr^
♦ K^FeC^  ^ 5 I^Cr ♦ 2 IS l
!R]© patio  f t l  fo r til© ro^?ers« titsa tio e^  
ttie eoE^osltion of tibe c m p l^  in  ae^os^danea
with r<^<:tio£ti
K |B ^ ^  + CrCJg s  t  2RS1
-  257
tm m frn t witti Q^om  ^ waA Q ^zm
QrCS^  Iji ttie coadt^tivltsr gqU against 0*1]l 0.1/9
ml&T i^ tlo s 1#5i1 mS. 2t1 rdspeetivel^*
Reverse titra tio n s  idt& 0*0^, 0«0S^ m^ a e^mzSH 
E^FePjr^  against 0«312^ ^  aolar ra tl(^  1 «5t1»
I«25t1 az^ 1«25tl resp^tivielsr*
Althcmgh precise infom atioii of tim rm etSi^ so lar 
ra tio s is  not obtained in  t^e ease of oiMiiixstGi^trio
titim tioas, ra tio s 1i2 and t i l  for Or are
tom ^ in  some tiie titra tio n s  | espeetalJ^ those ^p rled  
out in  presence alcohol# Bere also the eoisfinaatioii 
of the existence of re tta  po tm tia l in  tt^  s ^ s t^  is  
fortheoaing* The c<^lexes formed should have the 
foratOae E^Cr^^te^^C^^ and KCr^^«™C^g#
3# Adsorptive and ii^ rdrol^ rtie prqpertiest k osiitral 
eoaplffic i^as obtained by mixing %mQ eqttivalimt of 
and 1»5 equivalents of CrCl^  (the si^ ^^ i^ietant llqtiid not 
giving test for either the chroiiiiia ions <a* the ferro r^aao-* 
ima}rn tfeder these cm&ltltxem vas tak»n
as tl»  f<miila of ihe neutral ca^ex* The adiKa^tioti 
of ferrieytuttide <m <to»©iis ioas «as ststdied la  the 
aq%ra>Qs and acfU06s»alcoholic i^ ia «  f^ ie a l adsorption 
isotherss are obtained* 1%^e results indioite ti» t 
BOles of ohK^ta and 0^65 i»>les of ferries’anide are 
adsOTbed per i^ le of KCr^ F^e^ ^^ car^ # Ttm resa le  on 
dirett axid r e v ise  c<mdmcto@etric titrati(»i^ ti^ ere
-  t  5 S -
m U m  t» 5 tt «tcm em  ots^tinea m p ^ t  the f s ^ t
tim t adso^ticm  of e%tbeT «T the Tmctmta is  tak ist 
plaee*
In tim pmmm® of alet^ol iihs ia
mpp^mseS. to veiy larg® escteat* In pres©!iB« of 5$ a le ^ ^ l 
tfes ^® ppticm  of f^pjflcyaiiid© Is redtwed fsfoa 0S65 m%6 
to Q»086l swies p©i* aole o f t^e coEiplex ^ ille  ttm t of 
obrosdt]i:i ions tern 0 « ^ 5  to 0*^5 ^ l e  per @oi@ ^  
CQBiplex* Gcfflauctoi^tric titpati<ms eazried m t in  I4» 
a^psoos a le c ^ lio  a@ditsi give ra tio s vhieh appfoaeh mry 
amp t^9or@tieal iraXaes#
fbo l^ p c ^ t ic  behaviour m s studied with a  t% 
m spm stm  of the o<%q^ lesc a t 30®* I t  was twrt
imraasod v itli dil«ti<»i reaching fbr 0^5^ of tl»  
suspension* At 40^ ^  snyipension of the eoH l^eat is  
liQrdrol^sed to t^e axtent of 2% vhild those of 0 « ^
to  extent of 3*1^ &Bd 4«4^ rasp eo tiir^«  fhe
h ^ ro l^ sis  aa? he represented eqtiatimist
4 1^0 -♦ I^FeC?sr  ^♦ 2 kch
HSSfFeqr^  m^O —> ■* CriOB)^
3^GHm}  ^ ^  ^ 0  ♦ 0 2csp<ce)^#
M S B .
m iik ^
A«S« ItottaeharTm
SmpositioQ Fmssljm am& 
Turz^lmlls Blass P&xt m m  
tn relation tso ? ls€ ^ l^  Wmst




S ta le s  0& pli3^<^
^liairicm r o f mtaWLQ tmem^ mA 
mla In  prmmm ^  
Q leiitT oSytes* I
1954, H ,
3« W»tl« m ik  and 
K« M jaz B@g»
Stisiles on “t o  fter^eal 
sbehsvlcjop of netalH c ffeo-^ ai^ 
feiadoyaald© ^ i s  in  ppeamso ef 
e le e t e o ly t e s .  M r t  I I  ^«I«0«S«t 
l i t  759*
4« W»U« ai^
A*K# Bhsttaclia2?5?m*
Studies m. t|]» 
behavioor of a&t&XHc fm o *  ^  
f^n^ei^ranido sols Ib m s«3e« of 
e l0€^27 tes«  P s^  I I I  
i2r*X«0*S*f t934j| 3l,* 022#
5« i^sin^aint 
w i^r* m m
A#E«
0tadi@s m  ^  sol tra i!^  
Ifepiaaticm of Wm «ad fefri«gr»*£dd«3 odf 90^ iietal8« I*»rt I 
Fir* C3]^*, Iff5 t J |»  4 ^«
6« w,ir« msOSM mA 
AJS:« l^tt&obarya»
Stories m  tlid ^ 1  ^ 1  tsaas* 
foxmtion of tis« f«5W  ai^ fwnpl«y»» 
£dSes of sogae ^ta3ji« Wsgt tt





e < ^ l t t  niclEel eM
mes^ietmm* J.I#C#S#t 1f55»
a* ¥*tl* Malik wsd 
&«E« 1 ^ ttac^ ia£ ^«
Studies m. eoi^ pc»iitiOQ «eid 
colloidal ^taavioar of favroesraoidas 
of s< ^  ae1»l#« Fart I#  C eioi^tifie 
of ool»lt ttf oosduet^-
tmtJtiMm pdt«atioMet3ifie md 
waMMf k m  * Mmm
%m$ l i  r a ) ,
m- 260 ***
wSm and S tud io  m  tlse ms&
4 ^ «  i9f m  Smmswd
<if m m  ae^i^m  f« r t m #
iQFat^ dlsrtle m3L i^wmpUm pre^ 
csf $oMXt fm ?e#m iae 
m  Hit 1 $ ^  i t#  i^ *'
Agfss liitv* i^ss* ^i^Seil^p ^WSf§ j^DfSI 
l€k d m n ^  in  mttk po^m tM  (Bi
w m jm  m fw
H» 1^ AijM~!a^» sttitilw nro'^ie ia^ e^erS W  mm  ^ ^
 ^ m -tm m -----*‘“
i a «  W*H# <36 ^  l » i
KiH« ps&p&rUm mm  lim
wsM l m s^m m  Wa% %
tm Jmm^» Qsmrnt t9M§ M #
13* 1^  ti»  ms&
E«^ Aln(l3»E^ Bir <11* msm y m
@etal lii»!?odpat»3t’'^  ma^mBm^KP^ Z3
S« I f  JP b
14* WaiX$k ms^lm m  mm imm Upsdato
ma^mmsrn fHft
| |  i |g ^  ClDsSibit
»^sMm m  mm Hmm £gis^ Jii«r 
ma l^kimmm Pm^ If«
SpmtaeG^ i^o^m»M» '&m 
i$Sk pra9s>*
* m  -
i4 i 3^ E|81,SS CBI S^08@ ftMrittlitit
tm sm m m m ^ embXmmm P^Wm
^ iT m d  m im  rnrno^
wf % <•*» W
lf« iti^ ie s  <m M »  JmB
JNarlJI*
M tii>  ttui BqCU)
Cito psp^.
It# BtsMm m  wme Hmm ttsm $m
e€BHB%Maam l^set IPl* " 
r n m m ^ a ^  m st^ U m  ^  
j^«sc, a  tim sm m i rnmm i t s m S ^ m pp*
If#  M*si#»atiE B W tm  m  w&m Imm fa ^ liie r  
sai^pli^iss# M%0 
It&Qia o c  e lo r a le  f m o e s m ii i^  %ir
el^ ffeftffl©'tapic as'^ bods*
J^ «Se« a SEste^dlal
t0» w«ir« m S k  m ^
Mm h% $m mgrn
2tm M ^ ^ m m r n d  
Urn M jiis B@g#
Od£3»^  f^ PTOeroodhftS &S§M ^
Pwe&m Jm&rn mtrnw
RqnlcMX sM iies an BMiBZ aaegUtar*
fmmrn lfit« AMm sei*ft IfS #  |y|p
-  2te »
Pifm a pim jM SP topics o tbm  tbmi m rtu. m m ocn
1« HftXik axsS Studies cm s^m mi&gsOAtim ^
M a » & (S  A ll  A r s ^ e  S ta p liid e  3 o i»  Itert I*
7ariati«3i2s In eztla^Sim  
&k ihe ftdddt.ti0ii of d|#et»ol3rtes« 
EolloM •  2,
2* V«JS« l ^ i k t  Studies m  the b^v io is^
S«M« F^sainr Rali«8i et;^rous dsIoriSe in  aeid
^  S« istmr All sM  m tsssdm  solatlm * 3
d^adeal asHd^sis of otssfiss In ^
f^ tKTUS |^ s e «
Amrg* C3i«.g t$59* 322#
3# w,tJ* ifelili, Btv t^QS cai the behavio«r of et^ anss
S*M» Fasaliai' Mtmxi In h3ndK»ehlorie fteid ami
and B m Aswar All potasslwa c h lo il^  solntiim  Part H#
Ccmdtieti%^tric a»d |p t i» t l« » ^ ie  
!se&si3r@ii€iitd for d#WDli^aig oos^Xez 
im  forcntioa*
Z* 423org« 195?* 2204^
4« V«^ « !%1S  ^&3^  Fo1arog2?&|Mo study ^  eopf^ *
A# Aais Ihm  biMJWt <»®plex#
H atew iss, 1959# M§ 378*
¥«0« m u k  ai^ Btv^ QS m t %js
S«M» F^amliir l^ b^Kaii tarta^ate ae pIoBl»« l*wrt X« 
Ann* de Ctdmg tf59f s ^ e  657#
6« and EttiAes i^ sico ^h ie iis i^ s  ssr 1«
S*K* Fiwalur liOMti tarta3?ate da b2sb^ « fwrt H *
da* CMstf Seria mkm
fm Malik a23d €n ^  of (M ii) a ^a t  drofp^g - - - .
t m ,  M»




m  the m rnm rn  ^  QHm md 
€ ^ i i l )  nt ^uf%
1 9 ^ ,  J l ,  M l *
» m im  or M m t
owtm acl©!*e@t
10« iio t^  mA m $ m  ^  m m
$m IftiM mr klS
II* E^»
m& w^« M tk







Proe* ir n m  kmSim i c , ,  I95lt J IU
m  ^  l^ re l
mmUjm  of s t r t o .
i» o ls^ o ^ ^ ^  3©e»* 1f55 Ifet* H*
3p@etiK^0to^@t^ stxm m  ^  
l&t^E^ttcsi ^  C r(l^ ) a s ^  1 ^  
Set#, 1 ^ ,  ^  fSf«
14* muM
4 « 4 «
15* W rnim m rnd
a ^isM m  eC  %Imi 
s* p ^ ik «  Ita  pemm rn
^ ‘^ U ) ,? ^ , '"So ,
SfiXfmt@a ^leias^ s ta r t e  
as m p^UsTfjgf^w M iit t  «^^r9S3er« 
Aml« mm# I9WWMI-1#
l9to^  ^ i5"2.8
16« E«H* sisa tlis p£^o^3^
¥ ^ «  MiMlE* w^am^sm ^  mibt
o f * t ^  s^g^Bpm l^  m  tli@  ^Sm Sai 




S ta le s  m  gels t e t  X«
Tiro «ar 3 ® tl^  < ^ « r r ie  tns@ilKl» 
axid In vlsisosit^. emieh^tivl
mS. bSFi|]pog€ai tm  dt^ing
Ktolloiil-2* 1 9 ^ , I?©* 15*
18« V.TT, m m  md
3« £B»ir All
S t i d i ^  m  f o ^ ^ t e  H
KoI2oi^2 (Sm p p ^ ^ »
19* W^« Mom aM Sto&lGs m  ^ e e t  ef ^etd tai: 
asotim l sa lts  on th» wm <st ^ e t 
b o r id e  63 a red^eii^ titsm t*  
Ami* Chis* Aeta (in  press)#
SO# V#17«
A«A* Kban anot 
liiss^mil Ii0«|
l^laro^pa^pld.e s ts i^  m  Miiret 




t#  S« Mmt3t All 
¥ « I7 «  » O i i£ »
mi(S^l Fdjrrie^azda# Ctel p srt X* 
I ts  Um  of setting*
2« S* Aiaissr All «as<l 
W ,U «m ik
MiiilceX M  mset H
GmidmHrtt^ Aurim dlidbrsSi#
Proqm 451^ saA# 3e« Cong* f e i i m  
p .  ^
K«1C« Aim B a< ^
1 ^  w^« m tk
Stoiiles m  
h^vlm sp of e%iraioi» ] ^  9iKrt I# 
B eto  P e tg ^ la l Talitmi of ^  ji^^iiaB
<aT* m O f "  •  « In aeidft
liases miA 9eo t«sl w l.^ #  
P m » ^ ^  3e» a m *  H I
Am A sA m  W arn wad 
v  j3 n  m a ^
Stadles cm m am SM m  ^  
3^i|» itate tm m S . l^ S e  m s m rn m rn  
^  €is^ p&p s iO i^ te  aM !N»tMtni 
€^ aiaEM^ I)alt&te Psrt I* Sm  fircM l 
c^imeterstie a i idm  freeipitftte ms& 
i t s  t^maSsal a&al7sis« 
froGf 4 5 ^  ttA* Bern mm* me% m «  
1 1 5  m m } *
3m Am As^ m Sb&Q 1 ^
H4r« m u k
stsSies in ^  ef
prediilLtate lir me
or ^ p e r  siaX i^^ msA
►1iaS.tste lNBt% !H: <8StodtaiiHb0wt*S*
stEiaiea m  ^  eoi^Ma^tiaQ «f 
preei|iitftted  
wxmrn 4f t^h £ndt* m e *  9 ^  l ^ t  
115 C lf^ )*
4* Aids X to  eiB& 
W^Vm m u k ftUft OlSB&Si_ , _ _  . __ __
aetxie sto& tm  ^  ^  la lm s^ ia ii «T 
eoM lt w a3^l»
n i ^  s M m
fm S W i ^  «!»
MendUMSf ^  i r a  M t  HXf
l^ «t(HMi igftogM il^ ^  W9&m
or ^ teBWW ^araoie lyw ^*
♦  21^ •
8* Studies m  mms
Proe, %m tMm mm Qmmm
9« l ^ l h  ii» Sia^<ll s t ip e s  m
m& v*t;# l^lik of Sarnie m
i>roe« 4 7 1^ S^* 09^« I f f  IW*»*
10% 4* 4 sl8  P^iarogm lile stadsr m  ^  lu te *
md »eCUk setioa osf CriiuPt) u lt^
froe* 47tti Se» Oong* I ff  flM I#
lf  « Bum  Sliidi^ <» iOiorl Axiri M iiB ie
8a^ v ^ »  i ^ i k  AeiSs « Dissoelation m m ^m ^  fit 
8t« ^ ^  msM in  
ft^twens ^  »Qa»i^rll6m i i i ^ «
12* Mm A$ml md Similes m tiitt ^
M«w* Malik ef w w )
stdLp^te*
1 3 * Urn AiJftB Beg Beea^idLtiim ^ris«iflB JNnrapelitt
mA ¥«ir« «£ltk
14» fksih Am s ts^ i»  im ti»  mmOumm pmmtMMM
m& Walik «oa elir«Bie 1^
t» dilfmayfe
15« l^aib A# S i^ ^ l  Sci!»feX cC
iDBd MiSlk fm m  tm
3« I f t lM w r  A H  e o B ^ t e ^  o f
and ir»8»
tf^  2 ^ S ”^  ^  m
R eprin ted  fro m  the Jour. In4% Chem. Soc^ V o l. X X II, N o. 2 {194$).
COMPOSITION OF PRUSSIAN AND T0RNBULU3 BLUBS. PART VII. 
V ^ O S IT Y  IN RELATION TO COMPOSITliiN 
B y  W a h id  U. M a u k  and  A b a n i K . B h a tta ch a ry a
Jhe,viscocity of the colloidal Prussian and Turnbull’s blues has been detexmined at Taiious 
of dialysis and dilution and at aeVeial temperatures. It has been observed by plotting the 
values of j is c o t ^  ga in st (*) the days of dialysis, and (H) against dilution, tKat at the same 
t^ p e ^ tu r e s  the viscosity curves ate remarkably similiat ia shape showing that the compomtion 
pf «^oidaI F t«»ian  and Tumball's blues also tend to become identical. Changes in viscosity 
with tei&iterataie lead to th« same conclusion.
TIk view that the electric charge on the suspeospid particles contributes 
to the viscosity of the system containing such particles was fifst put' forward by 
^mokccbo^ki {Trans. Faraday Soc.i 1913, 9, 35). This vi*w further 
^eBMoxted by Ostwald and Hatschek in their study on the viscosities of various bj^ i^ ols.
' D>har and Gore ( /- Indian 'Chem. See., 1929, 6 , 641) carried out investiga- 
l^ns on the changes of viscosity of^many colloids and observed ^  that the lesser 
tfce charge on the colloids, A e greater was its hydration and hence greater was 
tlie viscosity. They observed a definite r^ation between Viscosity and purity of 
various hydroxide sols, but could not establish any definite relation in the case 
of arsenic and antimony sulphide sols as well as copper ferrocyanide and 
Prussian blue sols. The reason for the irregular behaviour was su p p e d  to be 
due to their gradual hydrolysis with the progress of dialysis. «
In'.^K paper, we have discussed the rei^ults of our investigations on the 
behaviour of Pru^i^n and Tmmbull’s blue sols from the view pohlt of their 
.viscosity at.^siQUS ttages of dialysis and temperature. From the viscosity of 
these 8d1s we have attempted, to throw some light on the similarity of their co|D|>^ itjon veJl. ♦ .
E X P E R I M E N T a t  '
Pre^rpttono/the Sols.—ia  order to bring Prussian blue in the colloidal 
excew dl potassium ferrocyanide was used and it was found that on mix­
ing lOne equivalent of ferric chloride with 5/4 equivalents of potassium 
fetrdc]mnid& a.faidy stable obtaiaed. A  more stable sol vg^ prepared
by mixing the ^ reactants in t^e ratio of one equi<^6at to 1‘5 equiyatets.
- TurnbuU’s blue was brought into the cdHoij^l state by using excess of 
potas»um ferricyanide solution. It was found that .dii mixing one equivdent of
sulphate with T5 equivalents of potassium f^icyanide a fairly stable sol 
was obtained.
Measnrement of Viscocity,—Scarpa’s nuethod {Gazzetta, 1910 40, 271) 
modified by Farrow ( / .  €Aem. Soc., 1912, 101, 347 ) and improved by Prasad, 
Mehta and Desai < /. 1932, 36 1384) was followed. An ordinary
viscometer kept in an -electrically heated thermostat and a suction at a 
p r ^ ^  of t%cm. water was applied throughout our investigations in order to 
cause flow of liquid into the viscooaeter. The apparatus constant
was deteifeincd at several temperatnresPby the formula ;
-K t\h7 /i+/«
where 170“ the absolute viscosity of water a t .
i i  -4ame requir<^ ^  the liquid to rise from the lower to the upper mark, 
t% — time requited % the liquid to fall ftrom the upper to the lower mark.
R eprin ted  fro m  the Jour. In d , Chem. Soa, V qI.' X X /I , N o. 2 (194S).
COMPOSITION OF PRUSSIAN AND TURNBULL’S BLUES. PART VII. 
VBK50SITY IN BffiLATION TO COMPOSITI©N
B y  W a h id  U. M a i i k  AND A ba n i K . B h a tta ch a ry a
The niiCQcity of the colloidal Prussian and TumbaH’a blues has been detetmined at vaiious 
stages of dialysis and dilution and at several tempeiatares. It has been ~obseiv«d by plotting the 
values 5isco»ty g a in st (*) the days of dialysis, and (» )  against dilution, t£at' at the same 
temperatures the viscosity corves are remarkably similiar in shape showing that the cpmpomtion 
of t ^  mUoidal Prdsstan and Tumball’s blues also tend to become identical. Ghaagea in viscosity 
wi& tempetature lead to the same conclusion.
T i» view that the electric charge on the sus{»^pid psrticles contributes 
to the! v isc i^ y ’of tte  systeoi containing such particles was fiirst put* fprward by 
<&iM»l9cfao^ki (Trans. Faraday Soc., 1913, 9, 35). This vi«w was further 
itfi^pexted by Ostwald and Hatscbek in their study on the viscosities of various
" Dlhar and Gore (  /. Indian ‘Chem. Soc., 1929, 6, 641) carried out investiga- 
l^ns on the changes of viscosity o^many colloids and observed that the lesser 
liie charge on the coiloids, the greater was its hydration and hence greater was 
the viscosity. They o ^ r v e d  a definite r^ation between'Viscosity and purity of 
variptis hydroxide sols, but could not establish any definite relation iti the case 
of jlrfenic and antiiQony sulphide sols as well as copper ferrocyanide and 
Prussian blue sols. The reason for the irregular behaviour was supp^SM to be 
due to their gradual hydrolysis with the progress of dialysis. «
In paper, we have discussed the results of our investigations on the 
behaviour of Ftussian and Tjimbull’s blue sols from the ’view pofflt of their 
.viseoiity at vscious stages of dialysis and temperature. From the, viscosity of 
tbesesolsw e have attempted, to throw some lijht on the simflarity of their 
composition «'*irell, • ■
V
E  X P E R I M E N T A t
Pr^fi^fi^onoftheSols.—In order to bring Prussian blue in the colloidal 
^ t^ i e x c e a ^  potaissium ferrocyanide was used and it was found that on mix­
ing ooeeqiiivatent of, ferric chloride with 5/4 equivalents o f potassium 
ferrocyanide, a ia idy staHe s^^««s obtsaaed. A  more stable sol prepared 
by mixing the teflctants tn ^ e  ratip of one eqaii^ent to 1*5 e'quivalfhts.
- Turnbull’s blue was brpughi -intp the cc^o4|al state by uang excess pi 
potassium ferricyanide splution. It was found that oift m i:^g one eqmvident pf 
ferrous sulpha^ with 1'5 equivalents pf pptassium fetricyanide a fairly stable spl 
was pbtaihed.
Measurement of Viscocity.—ScaxpA's methpd (Gazzetta, 1910 40, 271) 
mpdified by Farrow ( / .  CiSm. .Sotf., 1912, 101, 347) and imprpved by Prasad, 
Mehta and Desai ( / . Ckem.,\9i2, 36 1384) was fpllpwed. An prdinary 
yiscom^er waf kept in an electrically heated thermpstat and a sucdpn at a 
pre^ii^ p lt^cm . pf water was applied thrpughput Pur investigatipns in prder tp 
C9use ^  %War4 fipw pf liquid intp the viscptneter. The apparatus cpnstant 
^ w a s  determined at several temperatnres^y the fprmula :
w h ere  vo =  tb e  a b so lu te  v iscp s ity  p f  w a te r  a t
t i —time requir<^ %  the liquid tp rise frpm the Ipwer tP  the upper mark, 
^s^time required % the liquid tP  fall frpm the upper tP  the Ipwer mark.
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The values of K  at different temperatures are given below :
Tem p. ... 25° 27-5° 30“ 32-5°
K  ... o'ooi336 o’ooi2Ii  o'ooi202 o'ooi t j j  o ’ooii4 o
The apparatus was standardised before it was used for measurement of the visco­
sity of the sols. Thg concentration of the sol on each day of dialysis was kept constant and 
the viscosity of the original sol ‘A’ and those of twice and four times diluted ones (“A/a” 
and “A /4”) were also observed.
F ig . I
Change of viscosity with dialysis'
Results have been presented in graphs. Fig, i  gives the variations in viscosity 
with the progress of dialysis for Prussian blue and Turnbull’s blue prepared with iron salt : 
potassium salt in the ratio (1:1*5). Fig. 2 shows the same results for Prussian blue 
prepared in the ratio of iron to potassium salts as i : i'25.
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Variations of viscosity with dilutioi: at different stages of dialysis for both Prussian 
blue and Turnbull’s blue sols prepared with iron sa lt : potassium salt in the ratio of i : 3/2 
have been graphically shown in Fig. 3.
D i s c u s s i o n
From the foregoing results it will be observed that the viscosity of both these sols 
gradually rises as the purity increases for the first four days, after which there is a fall. 
Fig. I shows this effect very clearly.
Dhar and collaborators observed that no definite relation regarding the viscosity and 
the purity of the sol could be established in the case of hydrolysable sols, such as Prussian 
blue, arsenic and antimony sulphide sols. Our investigations, however, show that 
Prussian and Turnbull’s blue sols behave upto a certain stage of dialysis in the same way as 
unhydrolysable sols, which exhibit increase in viscosity as their purity increases by dialysis. 
The viscosiiy values in the curves clearly show that there is a regular increase in the visco­
sity of the Prussian and Turnbull’s blue sols for the first four days of dialysis, and then 
on further dialysis, the viscosity begins to decrease. A scrutiny of the curves will show, 
that the maximum increase in viscosity takes place on the first day of dialysis and then 
the rate of increase becomes less and less till the fourth day, when the viscosity reaches 
maximum. On the fifth and sixth days there is a decrease. This can be explained by 
assuming that there are two different states of the colloid during the course of its dialysis. 
The first state of the sol corresponds with the view advocated by Dhar and Gore (Joe. clt.) 
'‘hat the viscosity increases with the hydration of colloidal particle caused by the dialysis of 
he sol, and the second state is one where the progressive hydration stops and then the 
lydrolysis of the sol follows.
It is further observed that the viscosity maximum (Fig. 2) reaches on the second day
F ig . 2
Changes in viscosity with dialysis 0/  P.B. sol (i ; 5 /4).
T£M  • U .
Tenu t s i
m a - J C L
DAYS OF DIALYSIS.
of dialysis in the case of the so's prepared 
by mixing the reactants in the ratio of 
one equivalent ta  5/4 equivalents, 
whereas the viscosity maximum of the sol 
prepared by mixing one equivalent of 
ferric chloride with 3/2 equivalents of 
potassium ferrocyanide reaches on the 
fourth day. Turnbull’s blue sol prepared 
by mixing the reactants in the ratio of 
one equivalent 105/4 equivalents was not 
very stable while that prepared by 
mixing the reactants in the ratio of one 
equivalent to 3/2 equivalents shows a 
similar maximum on the fourth day of 
dialysis. This observation suggests that 
the similarity of behaviour of these two 
sols is much influenced by the amount 
of potassium ferro- and ferricyanide 
added in excess during their preparation.
F ig . 3
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Their behaviour ou dilution at different stages of dialysis (Fig. 3) shows that the 
changes in viscosity with dilution are such as to yield curves of similar shape.
- The relation between the changes in viscosity with temperature shown by Prussian 
and Turnbull's blue sols seems to be almost linear and the straight lines thus obtained for 
the respective sols fiegin to overlap each o^her after the third day of dialysis.
Bhattacharya and Dhar (Z. anor^. C/tew., 1933, 213, 248) advanced the view that 
precipitated Prussian and Turnbull’s blues should have similar composition. This view 
was supported by analytical results as well as by physical properties such as absorption
F ig . 4
Relation between temperature and viscosity 
for P.B. sol (i : 3 /2).
F ig .  5
Relation between temperature and viscosity 
forT.B.  s o H i - . 3l 2).
spectra and magnetic susceptibility of such compounds as were prepared by the ageing 
method (Bhattacharya, / .  Indian Chem. Soc., 1934, H , 325; 1935, 12, 143; 1941, 18, 71). 
By studying the viscosities of the sols of Prussian and Turnbull’s blues, we conclude that 
the composition of the colloidal solutions prepared by mixing one equivalent to 3/2 equi­
valents also tend to approach each other very closely as has been observed in the case of 
the precipitates of aged Prussian and Turnbull’s blues by Bhattacharya. The little shift 
between the closely approaching curves having identical shapes as in Fig. i ,  only 
suggests that there is some difference in the size of the colloidal particles of Prussian and 
Turnbull’s blues while the chemical composition of these two colloidal substances as judged 
from these curves seems to be the same. The mutual oxidation and reduction between the 
reactants is much greater when potassium ferrocyanide or ferricyanide is added in excess 
to ferric chloride and ferrous sulphate respectively than when the reactants are mixed in 
equivalent proportion. It is due to this effect followed by the adsorption of ferro- or ferri- 
cyanogen ions that the csmposition of the sols of Prussian and Turnbull’s blues shows such 
a marked similarity as can be judged from the changes of their viscosities with dialysis.
Thanks are due to Prof. H . Krall for the keen interest he has taken in these 
investigations and for his benevolence in offering a research scholarship to one of us 
(W. U.M.) for carrying on this work in his laboratories.
C hem icai, L abo raiories,
A g r a  CottEGE Re c e i ve d  November  2,1944.
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STU DfES ON T H E  PHYSICAL BEHAVIOUR OF METALLIC PERRO- 
AND FERRICYANIDE SOLS IN PRESENCE OF ELECTROLYTES.
PART I. CHANGES IN TH E CONDUCTIVITY OF COPPER 
PERROCYANIDE SOL BY GRADUAL ADDITION OP 
e l e c t r o l y t e s  AND T H E  EFFECT OF AGEING
M ir z a  A ij a z  B e g , W a h i d  U. M a w k  aito  A b a n i  K . B h a m a c h a r y a
The changes in conductivity of copper ferrocyanide sol by adding gradually increasing amounts of 
dict*elyte to  the sol liave ted to tiie f^lowing condusions ;
(1> Tke increase fn conductance is due to the replacement of the H+ ions from the outer layer 
and the order of htctras* depend* upon the valency erf the precipitatiDg ions.
(2) Lowerinf of conAoctance in the intermediate stage, after a certain amount of the electrolyte 
has been added, may be due to  several factors such as change in the iatermiceUar strnctute diae 
to adsorption, surface reaction and interaction between the precipitating and peptising ions.
(3^ InoiBWW I9  keeping tbe s<  ^ and ekcttolyte ovecoight ma.y be due ta  the ioint effect 
^  the svkase of the stabilising k »»  along v ith  the counter ions.
Tbe t l ^ t  inoEease in cooductivLtj doe to  ageing of the so ils  due to  the release of peptisiag 
iona ia  consequence of coalescence.
Conductivity changes during the addition of electrolytes to sol have beea 
studied by a number of workers, but the problem still remains complex 
though some interesting conclusions have been arrived at on the basis of 
their investigiations. Smoluchowski (Pfysikal. 1905, 6 , 529) suggested a  formula 
interconnecting the rate of cataphoresis of the particle and the conductivity.
n 4 7T r >1 (r+8)«®
N‘ 8
where n is the number of particles per c.c., u is the cataphoretic velocity under 
the gradient of one-volt centimeter, N  is the Avogadro number, i is the 
viscosity, 8 is the thickness of the double layer, r is the radius of the 
particle, and k is the conductivity. According to the above formula k should 
increase with n and r, the quantities 1 , s and u, being less variable in  
comparison to n and r as pointed out by Nordenson {Kolloid Zn  1915, 16, 65), 
but from the conductivity of the system containing the same amount o f  
the substance in various degrees of dispersity, he found the conductivity 
to vary inversely as the squares of the radii of the particles, von Hevesy 
iHni.y 1917, 21,. I36> calculated k  for values of r for gold micelle and showed 
that the condnctivity d.ue to  micrile became negligibly small with increaseof 
the radii of the partide. Similar observations for the conductivity of metallic 
sols were made by a number of other workers (Whitney and Blake, J . Ameu 
CSient. Soe., 1904, 26, 1339'; Burton, PMf. Mag., 1906, 12, 475 r Kohlshutter, Z ' Elektro- 
ehem., 1908, 14, 49) and they concluded that the small conductivity of metallic
sols arose from the residual electrolyte, the conductivity k, due to the colloidal 
micelle being negligible. Malfitano {Compt. rend., 1904,139, 1221) observed the same 
behaviour for ferric hydroxide and arsenic pentasulphide sols. On the 
other hand, Duclaux {ibid., 1904, 139, 1468) observed, contrary to the
observations of Malfitano [loc. cit.), that ferric hydroxide and Prussian blue 
showed appreciable conductivity. Rabinovitch and Wassilier {Kolloid Z-> 1932, 
60, 268) titrated AsjSs sol conductometrically with BaClg and found a 
discontinuity in the curve at a point by which they supposed that ions of 
the double layer were completely displaced by Ba^ "^  ions of the electrolyte. 
Pennycuick (J. Amer. Chem. Soc., 1930, 52, 4621) explained their results on the titra* 
tion of platinum sol by acids, bases and salts on the assumption that counter 
ions were liberated from the double layer during titrations, thereby increasing 
the conductance of the sol, and that surface reaction of the added electrolyte 
with the colloidal micells resulted in a decrease in the conductivity. He has 
also put forward the view that stabilising ions may also be released due to the 
dissociation of the surface compounds.
Outstanding contribution on the stability of the sol by investigating the 
action of electrolyte on silver iodide sol has been made by Kruyt and co- 
workers {Proc. K. Acad. Sci., Amsterdam, 1935, 38, 464, 714). Their ideas on the different 
aspects of the problem, especially on exchange of counter ions and adsorption 
of added electrolyte on the surface have found experimental support by the 
observations of a number of workers. More recently work on similar inea 
was done by Pauli {Kolloid 1937, 80, 175).
In this communication our results on the variation in conductivity of copper 
ferrocyanide sol, observed by adding varying amounts of electrolyte gradually, 
have been recorded. The variations in conductance on ageing of the sol have 
also been included.
E x p e r i m e n t a l
Preparation o f Copper Ferrocyanide Sol.—Copper sulphate and potassium ferro­
cyanide solutions were prepared in conductivity water and their strengths 
determined. Assuming the colloidal particles of copper ferrocyanide to consist 
of K 2Cu3[Fe(CN)5]2, a sol of strength 2.315 g. per litre was obtained by mixing 
equal volumes of Af/50 copper sulphate solution dropwise to Af/75 potassium 
ferrocyanide with constant stirring.
Solutions of potassium chloride, barium chloride, aluminium chloride and 
thorium nitrate were prepared in  order to observe the effect of varying amounts of 
added electrolytes on the conductivity of copper ferrocyanide sol.
The changes in conductance by the addition of gradual amounts of electro­
lytes to the sol were measured by the following method.
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The sol (30 c.c.) was taken in the conductivity cell and the conductance of 
the pure sol was measured under thermostatic control at 25®±0.1° by 
Kohlrausch’s bridge (Pye and Co.). The electrolyte was added from the burette 
and the conductance measured after each addition. Since the intermixing of the 
two (electrolyte and sol) was followed by a volume change, the corrected conduc­
tance was obtained by multiplying the measured conductance by F/30, where 
V  is the volume of the sol together with the volume of the electrolyte added. 
Similar experiments were carried out by the addition of gradual amounts of the 
electrolyte to the intermicellar liquid (potassium ferrocyanide solution) having the 
same conductance as that of the sol.
The results of the changes in conductivity obtained by the addition of KCl, 
BaCla, AICI3 and Th(NOs)i to the sol and intermicellar liquid are plotted in  
Figs. 1 and 2.
F ig . 1 F ig . 2
The changes in conductance of the sol by the addition of variable amounts 
of electrolytes when left overnight were also measured. The sol (20. c.c.) was 
taken in six boiling test tubes of Pyrex glass and varying amounts of the electro­
lyte added. The mixture of the electrolyte and the sol was brought to the same 
volume in each tube by adding conductivity water and the mixture was left for 
24 hours. The conductance of the supernatant liquid was then measured. 
Similar experiments were performed with the intermicellar liquid and the 
results are plotted for KCl, BaCl^, AICI3 and Th(N0 g) 4 in  Fig. 3.
The results on the variation in conductance on ageing the sol (strength 
1.157 g./litre) are recorded in Table I.
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D i s c u s s i o n
The following interesting observations on the variations in the conductivity 
of copper ferrocyanide sol of strength 2.315 g. per litre have been made.
On adding KCl or BaClg in gradual amounts to a fixed volume of the sol, 
a slight increase in the conductance of the sol was observed as compared to the 
corresponding mixture of the intermicellar liquid [K4Fe (CN)e + KClor BaCl.j] 
up to a certain volume of the electrolyte added. After this there was a fall 
below that of the corresponding intermicellar liquid up to a short range of 
F ig . 3 volume of KCl or BaClg. It was
then followed by continual rise in the 
conductivity again on further addi­
tion of the electrolyte (vide Figs. 1 & 
2 ). On adding gradual amounts of 
AlClg or Th{N0 s)4 , however, the 
conductance of the sol + electrolyte 
was throughout higher than the 
corresponding intermicellar liquid 
(vide Fig. 2).
When a mixture of the sol con­
taining variable amounts of electro­
lytes was left overnight for 24 hours, 
the variation in their conductance 
differed from those of the correspon­
ding fresh mixtures of sol and the 
electrolytes. The conductances of 
the sol mixed with variable amounts 
of electrolyte and left overnight were 
higher than the corresponding inter­
micellar liquid mixtures in the case 
of AlClg and Th(N0 s)4 , and with KCl 
and BaClg there was, however, 
inappreciable difference between these 
conductances (KCl and BaCl2) after 
.r C.O. twenty four hours (vide Fig, 3).
By ageing the sol for a month and a half slight changes in conductivity
did take place, probably due to coalescence and subsequent release of peptising ions.
The increase in the conductivity of the sol by adding gradual amounts o f 
•electrolytes supports the phenomenon of the exchange of counter ions which, 
in  all probability, are the hydrogen ions in the outer shells of the double layer 
o f  copper ferrocyanide sol particles. It appears that oppositely charged 
precipitating ions bound up by the exchange process contribute inappreciably 
to  the conductivity of the sol, and the relative increase (or decrease) in conduc­
tiv ity  on the addition of the electrolyte would be due to the relative difference 
o f the mobilities of the ions exchanged. The conductivity of the sol may, howeVet» 
be influenced by the adsorption of the precipitating ion and by changes in the 
size and structure of the colloidal micelle. Surface reaction and the interaction 
between the stabilising ions and precipitating electrolyte may also be responsiblCr 
in some cases for the decrease of conductivity after a certain amount o f the electro­
lyte has been added, Bvidences of siich effects are shown more or less by the- 
behaviour of K*^ , Ba*% AP* and Th* + ions in the conductivity curves at certain 
stages.
By allowing the sol and the electrolyte to be left overnight, it can be, 
-a priori, visualised that the particles increase in size releasing more of the 
stabilising ion along with the counter ions with the result that the conduc­
tiv ity  of the sol mixed with electrolyte is likely to be greater than the corres­
ponding intermicellar liquid mixture. The difference in the conductivity between 
the sol and the intermicellar liquid system also depends on the nature of the 
precipitating electroljrte. With higher valency of the precipitating ions, the 
difference in  conductance is greater than with mono- and bivalent ions, which 
-do not show any appreciable change (vide Fig. 3).
The release of peptising ions, resulting in the slight increase of conductivity 
is also confirmed by our observations on the ageing of the copper ferrocyanide sol.
Thanks are due to Dr. M. O. Farooq, Head of the Department of Chemistry, 
for his keen interest in this work.
P h y s ic a l  C h e m istr y  S e c t io n , Received November 9,1953.
CHEMICAL Laboratories,
MUSLIM U n iversity , a l ig a r h .
STUDIES ON TH E PHYSICAI, BEHAVIOUR OF METALLIC FERRO- 
AND FERRICYANIDE SOLS IN PRESENCE OF e l e c t r o l y t e s . -
PART IL ESTIMATIONS OF EXCHANGED H ^C O U N TER  IONS)
BY TH E ADDITION OF ELECTROLYTES TO COPPER 
FERROCYANIDE ,
By M irza A ijaz B eg a n d  W ahid U. M alik
Conductivity changes during coagulation of copper ferrocyanide sol have been correlated with the 
-exchangeable H+ counter ions by the addition of electrolytes. The results also support the phenomenon 
Kjf adsorption, surface reaction and cheftiical interaction between the precipitating and stabilising ions.
In the preceding communication (this issue, p. 755) emphasis Was laid on 
the exchange of counter ions to explain the observations on conductivity changes
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made therein. Since ions form the outer part of the double layer of the colloidal 
particles of copper ferrocyanide sol, elaborate experiments were carried out to^  
estimate the exchanged ion concentration consequent on the addition of 
dectrolytes to the sol when left overnight.
Potentiometric method was employed by several workers to estimate 
the concentration of exchanged chloride ions from the outer layer of the colloi- 
<ial particles of ferric chloride sol (Pauli, Koll.-Chem. Beih,, 1923, 17, 256 
Rabinovitch and Kergin, Z ' physikal. Chem., 1928, 133, 203; Weiser, J . Phys. Chem., 
1931, 35, 1, 1368; Yadav, this Journal, 1943, 20, 115). Weiser and Gray (J.
Chem., 1932, 36, 2178 ; 1935, 39, 1163) estimated the concentration of ions released 
during coagulation by the same method. In the present communication are 
recorded the results of the estimations of replaced in exchange of the precipi­
tating ions of various valencies of electrolytes added to copper ferrocyanide sol 
and of the release of during ageing of the sol as also their estimation done 
poten-tiometrically.
E x p e r i m e n t a l
A copper ferrocyanide sol of strength 2.315 g./litre was prepared as 
•described in Part I {loc. cit.) and colloidal particles of copper ferrocyanide 
were assumed to consist of K 2Cu3[Fe(CN)g]2. Solutions of the same electrolytes, 
as described in Part I, were made in order to estimate exchanged counter ions by 
the addition of electrolyte to the sol.
The sol (20 c.c., 2.315 g. per litre) was taken in six boiling tubes of 
Pyrex glass and varying amounts of the electrolyte were added. The mixture 
■of the sol and electrolyte was brought to the same volume in each test tube by 
adding conductivity water and the mixture was left for twenty four hours*. 
The />H value of the supernatant liquid was then determined by means of a 
Tinsley Student’s potentiometer with a quinhydrone electrode.
Conductivity measurements for the changes in conductance of copper 
ferrocyanide sol by the addition of varying amounts of electrolytes were carried 
out at 25® ±0.1® under exactly the same conditions as described above.
In order to see the effect of ageing on the sol, conductivity measure* 
ments for the same sol (strength 1.1575 g./litre) were carried out by keeping: 
the sol in a glass-stoppered flask for about a month and a half.
The results of the change in conductance and ion concentration of the 
sol (2.315 g./litre) on the addition of varying amounts of electrolytes and when- 
left overnight, are recorded in Table I.
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The results on the changes in the conductivity and />h value of the sol 
<strength 1.157 g ./litre ) on ageing are shown in Table IL
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By adding gradually increasing amounts of different electrolytes to copper 
ferrocyanide sol, an appreciable change of [H+] in all cases was observed when 
the sol mixed with the electrolyte was left for 24 hours. But the interesting 
feature of these changes, which w ill be evident from the values of [H*^ ] given 
in  Table I, is that the range of variation of H+ by adding the electrolytes 
containing mono-, bi-, tri- and tetravalent precipitating ions is according to the 
order K "< Ba*+< A P ^ <  T h‘ ^
On determining the conductivites of sol + electrolyte under identical condi­
tions with those maintained in determining H* concentration, it was interesting 
to  observe that the increase in with uni-, bi-, tri- and tetravalent precipi­
tating ions was found to be in the order: Th^+>AP+>Ba®+>K+. On the 
•other hand, the relative range of increase in conductance was greatest with 
KCl and the least with Th (NOs)^ (Table I).
On ageing the copper ferrocyanide sol for about one month and a half 
in a closed conical flask, it was observed that decrease in />h was marked 
by the corresponding increase in conductance (Table II).
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From the above observations it can be generalised that higher the valency 
of the precipitating ion, the greater is the displacement of the counter H* by-
exchange. But the relation between
F ig . 1 
(Vide Table I)
the change .in conductance is not 
proportional to the changes in 
concentration. It therefore appears 
that after the ion-exchange pheno­
menon, the action of electrolytes on 
the colloidal solution brings about the 
secondary efifects such as adsorption, 
surface reaction and possibly the
interaction between the electrolyte and 
the peptising ions under suitable 
conditions depending upon the
character of these ions. Thus the
discrepancy between the rise of con­
ductivity and increase of H"' in the case 
of Al* * and Th*"" may be explained by 
their greater adsorption and the possi­
bility of interaction between Th*+ and 
A!®'" with Fe (CN)e on the surface 
o f the colloidal particle. In the case 
of KCl and BaClg, the total con­
ductance is due to the additive effect 
of all the free ions and the exchanged 
H'^  present in the system, because 
the effects of adsorption with K'^  
and are much less than with
*Th^  ^ and Al** ions. The possibility of the interaction between K'^  or Ba*'^  ions-
■with Fe (CN)*" 8 on the surface o f the particles is also negligible.
The changes in conductance with during the process of ageing are
brought about due to coalescence of th.e sol particles whereby some
counter ions as well as the stabilising ions are set free, resulting in the 
increase in conductivity and concentration. Our observations are in agreement 
v ith  the views on the mechaaism of eoagulatioin expressed by Penjsycuick 
Q. Amer. C hem . Soe ., 1930i SI, 4621X
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STUDIES ON TH E PHYSICAI, BEHAVIOUR OF METAI.LIC FERRO- 
AND FERRICYANIDE SOLS IN PRESENCE OF ELECTROLYTES. 
PART III. CHANGES IN  TH E ^-POTENTIAL OF COPPER 
FHRROCYANIDE BY GRADUAL ADDITION OF 
ELECTROLYTES
B y  W a h id  U. M a l ik  and  A bani K. B hattacharya
C Potential variations of copper ferrocyanide sol in presence of electrolytes have been studied by 
measuring the cataphoretic velocity of particles according to Barton’s method. It has been observed 
that fall in potential takes place by adding electrolytes to copper ferrocyanide, and lesser oncen-tra  
tions of higher valency precipitating ions are required for the same fall of the f-potential. This observa­
tion has been explained as being due to the reduction in the thickness of the double layer by the 
additic-n of electrolytes. The abnormal behaviour of Th*'*' lends .support to the view' that aggregate of 
the particles increa.'es the f-potential depending on the manner of entrainment of negative ions. It 
may be due to surface reactions in the double layer The increase in the H'^ ion concentration witha 
decrease in f-potential has been explained on the basis of the existing theory cf exchange of counter 
ions pyb recipitating electrolytes.
Powis (Z. physikal. Chem ., 1914, 89, 145) and Gallechi {ibid., 1914, 89, 91) observe 
that ^-potential is a very important criterion of t^e stability of disperse systems, those 
having greater stability possess a higher value of ^-potential. The ^—C curves studied 
so far are far from being simple, and the dependence of elcclrokinetic phenomenon upon 
the concentration and the nature of the electrolytes is very complicated. The theory 
of double layer (Helmholtz, Pogg. A n n ., 1853, 89, 211; Gouy, / .  chim . phys., 1910,
9, 475) has served as the postulate to explain the changes in potential brought about by 
adding electrolytes to a sol.
The ^-potentials of various suspensions in pure water such as lycopodium and 
arsenious sulphide sols were at first investigated (Quinke, Pogg. A n n ., 1861, 
113, 513; Pictou and Linder, J. Chem . So c., 1892, 61, 161). Later on the ^-potentials 
of quartz, Prussian blue, gold, platinum, ferric oxide, silver, bismuth, lead and iron 
sols were studied (Whitney and Blake, / .  Am er. Chem. Soc., 1904, 26, 1339; Cotton 
and Mouton, / .  chim . phys., 1906, 4, ’368; Burton, Z. physikal. Chem ., ig i2 , 78, 321).
Kruyt (Kolloid Z ., 1918, 22, 81) and Freundlich and Rona (Sitz. Preuss. Akad. W''i5s., 
1922, 20, 397) from their studies on streaming potential with glass capillaries and the 
cataphoresis of oil drops in aqueous solutions observed that [-potential generally increased 
at first with increasing electrolytic concentration of univalent inorganic cations to a 
maximum and then decreased. But by adding increasing amounts'of cations of higher 
valencies, more particularly Al'^^and Th^^, the [-potential, on the contrary, decreased 
to a minimum, followed by a tendency to rise on further addition of the electrolyte.
Extensive work has been done on the cataphoretic velocity of lyophobic sols in 
presence of electrolytes to derive useful conclusions regarding the essential characteris­
tics of the double layer and variations in [-potential as related to the stability of the 
system (Ivanitzkege, K olloid  Z ., 1926, 39, 15; Kruyt and Briggs, Proc. K . A kad ' 
W etensch., 1929, 32, 372).
Mukherjee and coworkers carried out elaborate investigations on the eiJect of 
aggregation on the cataphoretic velocity of colloidal particles and gathered strong 
evidences on the basis of their ovservations that it was not possible to postulate the 
existence of critical potential either f°r a given colloidal solution and different electrolytes 
or for a given electrolyte and colloidal solution of th^ same substance obtained in different 
ways {this Journal, 19:5, 2, 296; 1927, 4 , 493 ; 1928, S, 697, 735 ; 1931, 8, 373; 1933,
10, 27, 405, 713; 1936, 13, 428; K oll.-C hem . B eih ., 1936, 53, 417; Ghosh, J. Chem. Soc., 
1929, 2693). They further observed that a decrease in dielectric constant alone would 
not account for the anomalous variations of critical ^-potentials, and suggested that the 
anomaly was partly due to the stabilising action of the adsorbed ions which opposed 
the precipitating action of oppositely charged ions. B. N. Ghosh and co-workers (this 
Journal, 1 Q 5 1 ,  2 8 , i )  liowever, observed that for the same rate of setting,. the electro- 
kinetic potential of colloidal V2O5 fell almost in the same range for different electrolytes. 
This was also observed in the case of Cr(0H)3 sol, and hence, he concluded that zones 
of critical potential did exist for coagulation.
Overbeek {Natuur. T ijd s., 1936, 18, 55; K oll.-C hem . B eih ., 1943, 34, 287) elaborated 
in his survey the various-^'actors which influenced the dielectric constant of colloidal 
systems in water, and developed his theory of electrophoresis on the basis of relaxation 
effect. He considered the effect of (i) the impressed electric field on the colloidal parti­
cles, Hi) the retardation caused by the opposing motions of the particles and its surround­
ing ion layer, (m) the viscosity of the medium and H’v) the dipole effect due to the dis­
placement of the centre of gravity of the ion layer from the colloidal particle. Yet the 
fact remains that it is difficult to explain the variation of the dielectric constant, and 
hence, the characteristic ^-potential in all systems by any simple theory to agree with the 
ovservations made by prominent workers in this field.
In the light of the above views given by eminent authors on the cataphoretic velo­
cities and ^-potential, the following generalisations may be deduced :
(1) Decrease in the potential is caused by the reduction of e or d or both according 
to the expression
j. _  4 iT ed 
 ^ D '
where e is the charge, d is the thickness of the double layer, and D is the dielectric 
constant.
(2) Increase or decrease in potential by adding the electrolyte depends upon the 
adsorption of the constituent ions.
(3) The tendency of charge reversal develops when the oppositely charged ions are 
very strongly adsorbed by th t colloidal particle.
(4) The conception of the existence of critical potential cannot be universally 
applied to all systems.
(5) The dipole effect may play an important role in cataphoresis.
The metallic ferro- and ferricyanides form au interesting system for the study of 
^-potential in presence of electrolytes, but little work on them appears to have been done 
so far. In this paper our observations on the variations of ^-potential of copper ferrocya- 
nide sol have been discussed.
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The method described in previous parts of this series (this/owrreaZ, 1954, 31, 755, 
759) for the preparation of copper ferrocyanide sol was followed, Solutions of potassium 
chloride, barium chloride, aluminium chloride and thorium nitrate were prepared in con­
ductivity water in order to observe the effect of the added electrolytes on the ^-potential 
of the sol.
The methods employed to determine the cataphoretic velocity of colloidal particles 
had been critically examined by previous workers in the light of the changes that took 
place in the system due to the migration of the particles in an electric field. J. N. 
Mukherjee and his school suggested an improved method to determine the cataphoretic 
velocity of particles in presence of increasing concentrations of electrolytes added to the 
sol {Proc. Roy. Soc., 1923, 103A, 102; Nature, 1922, 110, 732; Ghosh and Roy, this 
Journal, 1939, 16, 63). But for moderate accuracy of measurements Burton’s method 
has albo been recommended fp'renndlich “ Colloid and Capillary Chemistry” , 1926, p. 262). 
Hence with a view to studying the relative variations of ^-potential in presence of different 
electrolytes added to CujFeCye sol, the moving boundary method, as recommended by 
Burton (loc. cit.), was considered adequate for the purpose of our investigations. The 
following procedure was employed.
The pure solvent was first introduced in the U-tube and then the colloidal solution to 
form a boundary layer. Current at n o  volts was maintained by means of a transformer 
and rectifier. Mean of the displacements in the two limbs was determined by current 
revesal as recommended (Burton, "Colloidal Solutions", 1948, 3rd Ed., p. 173). A sol 
of strength 2-315 g./litre was throughout used in thesejnvestigations.
For carrying out the measurements with the sol + electrolyte, 100 c.c. of the colloi­
dal solution was taken in a conical flask and the requisite amount of the electrolyte was 
added. The total volume in each case was made up to 110 c.c. The ion concentration 
of the sol was measured by the method described in Part II  of this series ^Zoc.cif.). 
The same proportions of electrolyte and sol, as used for potential measurements, were 
maintained for measurements of ion concentration. The results on the changes in 
i^-potential and H ’'" ion concentrations are tabulated in the following table.
T able I
m /2 -HCl. Potential x io3. [H+] X 10 .^ M /25-BaCl... Potential xio^. [H+1 X in?
0.0 c.c. ;-2-76 mv IO-95 0.0 c c. 22.76 mv 19-95
I.O 20.61 20.00 0-5 20.74 20.50
i-S ig .82 20.10 1.0 19-70 33-15
2-0 18.51 20.18 1-5 18.72 37-30
3 0 17.78 20.38 2.0 17.80 41-55
M/So-AIClj. M/ioo-Th (N0 3 '4.
0.0 23.76 79-95 0.0 22.76 I9-9S
0.4 20.84 41.50 0.4 18.60 58-25
0.8 18.13 46.78 0-7 18.82 86.95
1.2 17 -gi 79.60 1.0 20.81 125.84
1.3 2170  151-50
D i s c u s s i o n
From our study on the variation in potential of copper ferrocyanide sol in presence 
of gradually increasing concentrations of electrolytes, it is interesting to observe that the 
zeta-potential of the sol goes on decreasing at first in all cases, irrespective of the valencies 
of cations of the electrolyte added. The only difference in the behaviour of the elec­
trolytes was found in the gradient of the fall in i  values (vide Table I and Figs.
I  and 2). For the same fall of zeta-potential (22.76 to 18,60) it will b^ seen that the quan­
tities of the added electrolytes are in the sequence KCl >  BaCU >  AICI3 >  Th(N0a)4. 
The ratios of molar concentrations of the cations are as o 11; 0.066 ; 0.00096 :0.00044 
for K^, Ba^ "'", Al^^ and Th^* respectively, for the same fall of potential. I t is rather 
striking that the order of these concentrations for K*. Ba^*, is in accordance with 
Schulze-Hardy law for the coagulating ions of different valencies. The case of Th*^ is 
not in accordance with this law which conveys a more complicated behaviour of this ion. 
This behaviour is further evidenced by the fact that ^-potential falls to a minimum and 
then it rises again on further addition of the electrolyte. Such an observation was also 
made by previous authors vKruyt, Freundlich and Rona, and Mukherjee, loc.cit.) in their 
studies on the variation of ^-potential during coagulation by the ions of higher valence..
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The relation between H* and ^-potential is worthy of note. From the table it 
appears that by the addition of KCl, BaCIa and AICI3 to copper ferrocyanide sol, the 
concentration increases with decrease in ^-potential. The behaviour of Th^*'is similar 
up to a certain concentration of thorium nitrate, beyond which the and ^.-potential 
increase simultaneously (Figs. i  and 2). Such an observation lends support to the con­
clusion that aggregation of the panicles increases the cataphoretic velocity depending
on the raauuer of entrainment of the negative ions. This effect becomes more 
pronounced with Th^*' which may bring about greater aggregation than the uni-, bi- 
and tervalent ions.
The gradual fall of ^-potential tending to a minimum on adding increasing concen­
trations of the electrolyte to copper ferrocyanide sol further suggests that a critical 
potential exists at which the thickness of the double layer is reduced to such an extent 
that coagulation of the sol takes place due to adsorption of the coagulating ions. 
The increase in the concentration of II^ ions with the decrease in potential on the addition 
of an electrolyte supports the existing views of the replacement of counter ions by 
ion exchange. The behaviour of Th** is, however, an abnormal one. It is also 
probable that after a certain concentration of thorium nitrate has been exceeded, the 
Th^' ions chemically react with the ferrocyanogen ions and form thorium ferrocya­
nide in the inner part of the double layer. It being hydrolysablc releases ferrocyanogen 
ions which again exert a peptising action on the particles of copper ferrocyanide. The 
^-potential thus goes on increasing after reaching a minimum. Further work is in progress 
on these lines in these laboratories.
The authors wish to express their thanks to Dr. M.O. Farooq, Head of the Depart­
ment of Chemistry, for his keen interest in this work.
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STUDIES ON THE SOL-GEL TRANSFORMATION OF THE FERRO- AND 
FERRICYANIDES OF SOME METALS. PART I. GEL FORMATION OF 
PRUSSIAN AND TURNBULL BLUES
B y  K h w a ja  N a s i r u d d in ,  W a h id  U. M a l i k  a n d  A b a n i K . B h a t t a c h a r y a  
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Prussian and Turnbull blue gels were prepared by von Weimarn’s method at the optimum concentration of the re­
actants. I t  has been observed that the sol-gel transformation becomes possible at a particular range of molecular con­
centrations of the reactants. The time of setting of the gel was determined by observing the intensity of the transmitted 
light through the gelation mixture, the intensity of transmission being measured by using a thermopile with galvanometer 
in the circuit. I t  was found th a t the time of setting of the gel depended on the range of proportions in which the reactants 
were mixed in equivalents. The range of proportions of mixing the reactants, FeCye /F e "'■++, for Prussian blue was 
found to lie between 1.404 and 1.5. In the case of Turnbull blue, the range of proportion of mixing the reactants, FeCye /  
Fe++, was between 1.01 to 1.5.
I t  is difficult to define a gel because the proper­
ties of different types of inorganic and organic gels 
are so variegated that no rigid definition of the gel 
state has so far been possible. Neither has it been 
possible to give any general explanation of different 
types of jellies. But the fact remains that inorganic 
gels are usually rigid and non-elastic as distin­
guished from the organic jellies. The inorganic gel 
formation, according to von Weimarn,' takes place 
due to supersaturation in such a manner that parti­
cles of suitable dimensions, obtained by varying the 
concentration of the reactants, may condense to 
assume the gel structure.
Previous authors^“ ^^ have studied the sol-gel 
transformation from several aspects of many inor­
ganic colloids such as silicic acid, metallic hydrox­




Fig. 1 .—Apparatus for time of setting of jellies: G, gal­
vanometer; T, thermopile; J, gelation mixture; P, aper­
ture; N, convex lens; W, water cell; L, bulb; R, variable 
resistance; A, ammeter.
Little work, however, has been done on the gel 
forming behavior of metallic ferro- and ferricyan-
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(5) H. N. Holmes and P. H. Fall, ibid., 41, 763 (1918).
(6) M. E. Laing and J. W. McBain, J . Chem. Soc., 117, 1506 
(1920).
(7) E. O. Kraemer, Colloid Symp. Monograph, Wisconsin, Vol. I, 
1923, p. 66.
(8) A. Szvergi and F. E. Sthalek, Kolloid Z., 32, 318 (1923).
(9) A. Kuhn, ibid., 40, 299 (1928).
(10) Wo. Ostwald, ibid., 46, 248 (1928).
(11) S. Prakash and N. R. Dhar, J . Ind . Chem. Soc., 6, 391 (1929).
(12) M ata Prasad and R. R. Hattiangadi, ibid., 6, 653 (1929).
(13) C. I. Vardawan, Proc. In d . Acad. Sci., 7A, 327 (1938).
(14) V. C. Vora, P. M. Barve and B. N. Desai, ibid., 13A, 100 
(1941).
(15) A. N. Pang Tai and Min-chi Hsu, J . Chinese Chem. Soc., 13, 
17 (1946).
(16) W. K. Kpaczenski, B ull. soc. chim. France, 149 (1950).
(17) G. K. Sukhla and S. Ghosh. J . In d . Chem. Soc., 27, 323 (1950).
ides. Kecently Bhattacharya and co-worker^* have 
studied the sol-gel transformation of zinc ferrocy- 
anide a t different temperatures and concentrations 
and have also observed the changes in conductivity 
during gel formation.
We have studied the sol-gel transformation of 
Prussian and Turnbull blues from two aspects, viz.,
(i) the limiting ranges of concentration and propor­
tion of the respective reactants which favor gel 
formation and (ii) the variation in the time of set­
ting of the gels with respect to the ratio of mixing of 
the reactants (FeCye /Fe+++ and FeCye /  
Fe++).
In this paper, we communicate the results of our 
investigations on the conditions which favor the gel 
formation of Prussian and Turnbull blues by von 
Weimarn’s method, and our findings on the time of 
setting of these gels, determined by observing the 
variation in the intensity of the transmitted light 
using a thermopile galvanometer arrangement.
Experimental
The solutions were all prepared by dissolving A. R. or re- 
crystaUized samples in distilled water. Their strengths 
were as foUows: 1, K 4pe(CN )6 solution—0.712 M  (esti­
mated volumetrically against KMn04 solution); 2 , FeCls 
solution— 2^.87 M  (estimated as FezOj); 3, K3Fe(CN)B 
solution—1.35 M  (estimated iodometricaUy); 4, FeSOi 
(recrystaUized) solution—2.14 M  (estimated volumetrically 
against K2Cr207 solution).
The concentrations of the different solutions were ad­
justed according to requirements.
The conditions of gel formation were determined by nux- 
ing the reactants a t different concentrations and ratios. 
I t  was observed in the case of Prussian blue that gels were 
formed by mixing KiFeCye of concentrations ranging be­
tween 0.5 and 0.7 Af with FeCls between 1.9 and 2.7 M , in
the ratio FeCye------ /F e + between 1.404 and 1.50. In
the case of Turnbull blue the gels could be formed by mixing 
KaFeCys between 0.5 and 1.25 M  with FeS04 between 0.4 
and 1.9 M , in the ratio FeCye /Fe++ between 1.01 to 
1.50. Gentle shaking of the mixture after mixing the re­
actants was very necessary for the formation of the gels in 
all cases. The temperature was maintained throughout at 
33 ±  0.1°.
Determination of the Time of Setting of Prussian and 
Turnbull Blue Gels.—The method based on the variation 
of scattered light was used by Mardles^’ and also by Mata 
Prashad and co-worker (ref. 12) to determine the time of 
setting. Our arrangement is shown diagrammatically in 
Fig. 1. The source of radiation was a bulb of 300 watts 
running a t 230 volts and 1.3 amperes and the light was 
focussed for a parallel beam of long focal length. The beam
(18) A. K. B hattacharya and S. A. JotErey, ibid., 29. 626 (1952).
(19) E. W. J. Mardles, Trans. Faraday Soc., 18, 318 (1923).
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Fig. 2.—Times of setting of Prussian blue gels obtained 
bv mixing 0.6 I f  K4Fe(CN)o with FeCls of concn. range 
2:0 to 2.7 M.
was then allowed to pass through a rectangular cell contain­
ing water to remove most of the heat rays. I t  was then 
allowed to fall on a rectangular cell containing the gel form­
ing mixture. The intensity of light was measured by a 
thermopile attached to a galvanometer with a lamp and 
scale arrangement. The distance between the light source 
and the cel was kept constant throughout.
The amount of K4Fe(CN )6 required for the particular 
gel was introduced in the rectangular cell and the corre­
sponding amount of ferric chloride was added slowly from 
the buret. The mixture was now gently stirred and left to 
form the gel; the stopwatch was immediately started after 
stirring. The deflection of galvanometer was noted at 
regular intervals of time; it decreased rapidly at first and 
then slowly till it reached a constant value and remained so 
for about 10 minutes. Two sets of readings were recorded 
for every gelation mixture. In the first set deflections were 
noted at intervals of half a minute, while in the second set, 
readings were recorded every five seconds in order to meas­
ure the time of gelation correct within this short range.
In this connection it was necessary to determine the sen­
sitivity of the apparatus by measuring the movements of 
the mirror galvanometer on the scale, brought about by 
changing the intensity of light. This was done as follows:
The change in the intensity of the same source of light 
placed at different distances from the thermopile was read in 
the galvanometer. The relative decrease in the intensity 
of the transmitted light was calculated from the relationship 
/  a l / j -2 where 1 is the intensity of the light and r, the dis­
tance of the hght source from the thermopile. I t  was cal­
culated from the observed values that 0.42% fall in inten­
sity corresponded to 1 mm. deflection on the scale. The 
sensitivity of the instrument was thus up to 0.42% fall of 
intensity of the light used.
The maximum difference in the deflection recorded during 
the gel formation of Prussian blue was 9.3 cm. on the scale, 
corresponding to 41.04% fall in the intensity of the original 
source. The maximum differences of deflection observed 
in the case of Turnbull blue for gels obtained with difl'erent 
concentrations of the reactants were 9.8, 13.8 and 16.5 cm. 
corresponding to 41.6, 73.3 and 80.0% faU in intensity, re­
spectively. The opacity of the gel may, therefore, be as­
sumed to correspond to the fall in intensities calculated 
from the changes in deflections of the galvanometer during 
the setting of different gels.
The experimental results showing the relationship be­
tween the ratio of the reactants (FeCye------ /P e + '''+;
FeCye /F e ++) and the times of setting have been repre­
sented graphically in Figs. 2 and 3. Prussian blue gels con­
taining varying proportion of the reactants (FeCy<i------ /
Fe''"''+) were obtained by mixing calculated volumes of 
0.6 M  K4Fe(CN )6 and PeCla of concentrations ranging be­
tween 2.0 and 2.7 M . For Turnbull blue, however, a wider 
concentration range (0.625 to 1.25 M ) could be used to ob­
tain the gels. The concentration ranges for different gels
used were FeS04-----0.6 to 1.5 M , 0.8 to 1.9 M  and 0.9 to
1.9 I f  for K 3Fe(CN)e solution of concentrations 0.6, 1.0 
and 1.25 M , respectively (represented by curves 1, 2 and 3 
in Fig. 2).
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Fig. 3.—Times of setting of Turnbull blue gels obtained 
by mixing; 1 , 0.6 M  KsFe(CN)6 with FeS04 of concn. 
range 0.6 to 1.5 M ; 2, 1.0 M  K3Fe(CN )6 with FeS04 of 
concn. range 0.8 to 1.9 M; 3, 1.25 M  K3Fe(CN )6 with 
FeS04 of concn. range 0.9 to 1.9 M.
Discussion
Our experimental results on the study of gelation 
of Prussian and Turnbull blues in relation to the 
concentration and proportion of mixing the react­
ants present the following interesting points:
(1) Prussian and Turnbull blues tend to form a 
gel within specific concentration and proportion 
range of the reactants (vide Experimental).
(2) The time of setting of the Prussian blue gel is
considerably influenced by the ratios of Fe­
Cye------ /Fe+++. The gelation time at first in­
creases with the ratio of K4Fe(CN)6: FeCls up to 
the value 1.452: 1.0 after which the time of gela­
tion increases more rapidly as FeCye /Fe+++ 
increases from 1.452 to 1.50 (vtde Fig. 2). In the 
gelation of Turnbull blue the variations of the time 
of gelation with the ratio FeCye /Fe++ are sim­
ilar, though not identical (vide Fig. 3). I t  may be 
noted that Turnbull blue was prepared by adding 
FeS04 while Prussian blue was prepared by adding 
FeCla. The dilTerence in the role of Cl~ and SO4 
ions during gel formation may be an important 
factor and hence the question of identical results 
does not arise.
The time of setting for Turnbull blue is longer for 
the higher concentration (1.25 M ) than for the 
lower concentration (0.625 M ) of potassium ferro- 
cyanide. But in the case of Prussian blue the con­
centration range of potassium ferrocyanide is as 
narrow as 0.5 to 0.7 mole per liter.
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According to von Weimarn the gelation is con­
trolled by the dispersion coefficient 5 of the precipi­
tate as given by the equation 8 =  c/s rj where c/s is 
the degree of supersaturation and rj is the viscosity. 
At suitable higher concentrations of the reactants, 
they eventually set into a viscous jelly. But our 
observations suggest that both concentration and 
proportion of mixing the reactants are the control­
ling factors in the formation of Prussian and Turn­
bull blue gels. The optimum dispersion coefficient 
of the precipitate governed by the concentrations of 
the reactants, however, does not furnish an expla­
nation to the different times of setting observed by 
changing the ratio of FeCye /Fe+++ or Fe- 
Cye /Fe++. Since the tendency of gelation is 
also governed by the hydration of the colloidal mi­
celle, it follows that the time required in the setting 
of the gel would depend on the hydration of the par­
ticles. Dhar^“ and co-workers established that the 
hydration depends upon the charge on the particles. 
Bhattacharya and Dhar^^ showed that the adsorp­
tion of ferrocyanide ions by Prussian blue is 100 
times greater than the adsorption of FeCye by 
Turnbull blue sol prepared by mixing the reactants
(20) K. C. Sen, P. B. Ganguly and N. R. Dhar, T h is  J o u r n a l ,  28, 
313, 457 (1924); N. R . D har and V. Gore, J . In d . Chem. Soc., 6, 641 
(1929); N. R. Dhar and K. C. Sen, K olloid Z„ 34, 362 (1924).
(21) A. K. Bhattacharya and N. R. Dhar, Z. anorg. Chem., 213, 240 
(1933).
under identical conditions in the molecular propor­
tion 1 : 1.5. From the foregoing evidence it follows 
that the hydration of Prussian blue micelle will 
fall more considerably by the concentration of 
FeCye than that of Turnbull blue by increas­
ing the concentration of FeCye . Hence the 
range of ferrocyanide ions concentration for the set­
ting of Prussian blue gel would be lower than that of 
Turnbull blue gel, and this has actually been observed.
Our observations further suggest that the ratios 
of FeCye /Fe+++ or FeCye-----/Fe++ in­
fluencing the time of gelation are specific for the op­
timum range of the concentrations of the reactants. 
The ratio of FeCye /Fe+++ or of FeCye /  
Fe++ and the corresponding time of gelation {vide 
Figs. 1 and 2) are only for those concentrations of 
the reactants as has been obtained by trials in our 
experiments. Hence at concentrations other than 
those employed by us, the gelation may not take 
place a t all, because it appears that the formation 
of inorganic jellies is not only controlled by disper­
sion coefficient but also by the optimum hydration 
of the dispersed particles.
Further work on the gelation of precipitates is in 
progress in these laboratories.
Thanks of the authors are due to Prof. M. 0 . 
Farooq, Head of the Department of Chemistry, for 
his keen interest in this work.
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Prussian and Turnbull blues were precipitated by mixing different concentrations of FeCl^ with K4Fe(CN)6 (Prussian blue) 
and of FeS04 with K8Fe(CN)6 (Turnbull blue) in the ratio FeCl3;K 4Fe(CN )6 as 1:1.5 equivalents, and also FeS04:K 3Fe- 
(CN)e in the same ratio. The turbid precipitate so obtained was dialyzed, and changes in conductivity were measured at 
different intervals. On pipetting out the dialyzed samples in test-tubes, it was curiously observed that a t particular stages of 
dialysis, the dispersed precipitate was transformed into gel. The conductivity changes, during the period of dialysis when 
gelation took place, were either very small or practically constant, depending upon the specific concentration of the reactants 
mixed. I t  was further observed that the gelation of Prussian blue was not much influenced by varying the concentration of 
FeCls over a wide range (0.5 to 1.5 M ) while the gelation of Turnbull’s blue was very much distributed by changing the 
concentration of FeS04 within as narrow a range as 0.4 to  0.35 M.
In continuation of our observations on the sol- 
gel transformation of Prussian and Turnbull blues 
in Part I, we have studied the conductivity changes 
brought about in the turbid precipitate during its 
transformation into gel by dialysis.
Changes in conductivity during gelation have 
been studied for silicic acid, cerium hydroxide and 
thorium hydroxide and other gels by a number of 
workers.''"® These authors observed that in some
(1) M. E. Laing and J. W. McBain, J . Chem. Soc., 117, 1506 (1920).
(2) N. R. Dhar and D. N. Chakravarty, Z. anorg. allgem. Chem., 
168, 209 (1927); N. R. Dhar and S. Prakash, J . In d . Chem. Soc., 
Prafulla No. 104 (1933).
(3) D. S. D atar and M. Qureshi, J . Osmania Univ. Z., 5 (1939).
(4) B. N. Desai, P. M. Barve and Y. S. Paranjpe, Proc. Roy. Soc. 
Edinburgh, 59, 22 (1939).
C5) V. C. Vera and B. N. Desai, Proc. Ind . Acad. Sci., 13A, 100 (1941).
cases there was no conductivity change during gela­
tion while in others marked changes could be ob­
served and that no general relationship could be 
arrived at for inorganic gel-forming systems. In 
this paper we communicate our results on the con­
ductivity changes on dialysis of the precipitates of 
Prussian and Turnbull blues obtained by mixing 
the reactants at different concentrations.
Experimental
Solutions were prepared by dissolving A. R. or recrys- 
tallized samples of the reactants in conductivity water and 
their strengths determined. The strengths were as follows: 
K4Fe(CN )6 solution—0.5 M  (estimated volumetrically 
against KMn04 solution); FeCls solution—2.05 M  (esti­
mated as Fe^Os); KsFe(CN)6 solution—1.04 M  (estimated 
iodometrically); FeS04 (recrystallized) solution—1.16 M  
(estimated volumetrically against potassium dichromate).
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Prussian and Turnbull blues obtained by mixing concen­
trated solutions of the reactants in the ratio 1:1.5 equivalents 
resulted in the formation of a turbid precipitate, which, on 
dialysis, dispersed in such a manner as to form a gel depend­
ing on the period of dialysis. On prolonged dialysis it was 
observed that the dispersion lost its gel-forming character, 
ultimately changing into a sol. No gel formation was, how­
ever, observed when FeSOi solution of concentration less 
than 0.4 Af was used for the precipitation of Turnbull 
blue.
Conductivity measurements were carried out by a Kohl- 
rausch bridge (Griffin and Tatlock) at 25 ±  0.1° and ob­
servations were recorded at intervals of half an hour or more. 
The cell used was of Hittorf’s type with platinized electrodes. 
The dialyzed sample at each interval was pipetted out from 
the dialyzing bag into the cell for measuring conductivity, 
as well as in a test-tube (left undisturbed) to note whether 
gelation takes place or not. This was indicated when the 
liquid ceased to flow on inverting the test-tube. The inter­
val required to attain this condition from the time of pipet­
ting the sample in the tube was taken as the setting time of 
the gel.
In the case of Prussian blue, t ie  following concentrations
of the reactants in the ratio 1.5:1 equivalents (FeCye------ /
Fe +++) were used: (1) 300.0 cc. of 0.5 M  K4Fe(CN)e was 
mixed with 89.0 cc. of 1.5 M  FeClsj (2) 225.0 cc. of 0.5 M  
K4Fe(CN )6 was mixed with 135.0 cc. of 0.7 M  FeCls; (3)
225.0 cc. of 0.5 M  K4Fe(CN )6 was mixed with 200.0 cc. of 
O.SMFeCls.
The changes in conductivity at different hours of dialysis 
for the precipitates no. 1, 2 and 3 are graphically repre­
sented by curves no. 1, 2 and 3, respectively, in Fig. 1. 
Gel formation was observed in all the three cases. Gelation 
did not take place in the dialyzed precipitates of Turnbull 
blue prepared by keeping the concentration of K3Fe(CN)s 
constant and varying the concentration of FeS04 as was 
done in the case of Prussian blue. Hence Turnbull’s blue 
precipitates were studied by varying the concentration of 
KsFe(CN)6 also. The following concentration of the reac­
tants in the ratio 1.5:1 equivalents (FeCye /F e + +) were 
used: (1) 138.9 cc. of 0.3 M  K 3Fe(CN )6 was mixed with
104.2 cc. of 0.4 M  FeSO,; (2) 208.4 cc. of 0.2 M  K3Fe(CN )6 
was mixed with 104.2 cc. of 0.4 M  FeS04j (3) 104.2 cc. of
0.4 M  K3Fe(CN )6 was mixed with 139.0 cc. of 0.3 M  FeSOij 
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Pig. 1.—Change in conductivity on dialysis of the re­
action mixture (Prussian blue). Reactants mixed in the 
ratio FeCye :Fe'*' + + as 1.5:1 equiv.: 1, mixture con­
taining 300.00 cc. of 0.5 M  K4Fe(CN)e and 89.0 cc. of 1.5 M
of FeCls; 2, mixture containing 225.0 cc. of 0.5 M  K4Fe- 
(CN)6 and 135.0 cc. of 0.7 M  FeCls; 3, mixture containing
225.0 cc. of 0.5 M  K4Fe(CN)e and 200.0 cc, of 0.5 M  FeCls. 
... O... G..., region of gelation; — O— O —, region of sol forma­
tion.
of 0.2 M  FeSOs; (5) 118.8 cc. of 0.35 M  K3Fe(CN )8 was 
mixed with 118.8 cc. of 0.35 M  FeS04.
The changes in conductivity at different stages of dialysis 
for precipitates no. 1, 2, 3, 4 and 5 are graphically repre­
sented by curves no. 4, 5, 6, 7 and 8. Gel formation was 
only observed for precipitates no. 1 and 2 while in the other 
three precipitates no gelation was observed.
Discussion
In discussing the observations on the behavior of 
the dialyzed precipitates of Prussian and Turnbull 
blues in relation to changes in conductivity, the 
following points are striking:
(1) The conductivity changes are more pro­
nounced in the earlier stage but the rate of fall of 
conductivity of the dialyzed sample becomes very 
small after a certain interval. This slow rate of 
change continues for some time giving practically 
constant values during which the sol is character­
ized by its gel-forming properties observed in the 
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Fig. 2.—Change in conductivity on dialysis of the re­
action mixture (Turnbull blue). Reactants mixed in the 
ratio FeCye :Fe + + as 1.5:1 equiv.: 4, mixture contain­
ing 138.9 cc. of 0.3 M  K 3Fe(CN )6 and 104.2 cc. of 0.4 M  
FeS04! 5, mixture containing 208.4 cc. of 0.2 M  KsFe- 
(CN)e and 104.2 cc. of 0.4 M  FeS04; 6, mixture containing
104.2 cc. of 0.4 M  K 3Fe(CN)« and 139.0 cc. of 0.3 M  FeSO,;
7, mixture containing 104.2 cc. of 0.4 M  KsFe(CN)6 and
208.4 cc. of 0.2 M  FeSOi; 8, mixture containing 118.8 cc. 
of 0.35 M  K 3Fe(CN)e and 118.8 cc. of 0.35 M  FeSO ,... 
. . .  G . . .  0  , region of gelation; — O— O—, region of sol
formation.
(2) At a later stage of dialysis, the dispersed par­
ticles lose their gel-forming character, changing into 
a stable sol.
(3) Both in the case of Prussian and Turnbull 
blues the concentration of the reactants played a 
very important role in gel formation. The range 
of concentration of FeCls favoring gelation of 
Prussian blue was 0.5 to 1.5 M , while the gelation 
of Turnbull blue was not possible by changing the 
concentration of FeS04 within as narrow a range
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as 0.4 to 0.35 M . This specificity of concentra­
tion range of FeCU and FeS04, respectively, ap­
pears to be a very essential characteristic of this 
type of gel-forming system (vide curves no. 6, 7, and 
8).
(4) The time of setting of the dialyzed samples to 
a gel as observed in test-tubes was found to depend 
on the period of dialysis. (This period was marked 
by the constancy of conductance (vide curves 1- 5). 
A longer time of setting was observed for a longer 
period of dialysis within the optimum range of con­
stant conductance.
While it is difficult to experimentally determine 
all such factors as are responsible for the specific 
nature of changes described above, it may be ob­
served that the formation of Prussian and Turnbull 
blue gels studied by dialysis appears to depend on 
the combined influence of the following factors:
(1) hydration of the colloidal micelles which de­
pends upon the net charge on the colloidal particle.
(2) coagulating action of K+ ions present in the 
system, (3) the stability factor of the micelles, de­
pending on the nature of entrainment of stabihzing 
ions and the coagulating effect of the oppositely 
charged ions.
In course of dialysis, the dispersed particles 
should have the optimum conditions regulating the 
above factors to ensure the formation of a gel, 
sooner or later, depending upon the extent of di­
alysis.
Further work is in progress in these laboratories 
on the formation of metallic ferro- and ferricyanide 
gels by dialysis.
Acknowledgment.—Thanks are due to Professor 
M. 0 . Farooq, Head of the Department of Chemis­
try, for his keen interest in these investigations. 
The authors also appreciate the help rendered by 
Khwaja Nasiruddin M.Sc. and Mr. Mohan Baha­
dur Saxena, M.Sc. in performing these experiments 
and repeating the observations.
[Jour. Indian Chem. Soc., Vol. 32, No. 8, 19S5 I
STUDIES ON TH E PERMEABILITY OF COBAI.T, NICKEL AND 
SILVER FERRICYANIDE MEMBRANES
B y A m ir  H asan, W a h id  U . M a u k  and A bani K . B hattacharya
In studying the permeability of the ferricyauide membranes of Co, Ni and Ag t 3 potassium .ferric.va- 
nide, p )lassiiira sulphate and potassium chloride solutions it has been observed that the 
membranes are permeable to the free electrolytes. The rate of diffusion of salts through the thtee 
membranes is in the order : KCl > K^SOi K3Fe(Ci!^)6, bat in the reverse order of their adsorption.
The permeability of membranes has not been adequately explained by any theory 
so far. The seive theory by Traube (1867) and the soUttion theory by Liebig (Annalen, 
1862, 121, 78), and experimentally confirmed by Hermoite (Ann. chim. phys., 1855, 
43, 420) and Kahlenberg (Bancroft, “ Applied Chemistry", 3rd. Ed., 1932, p. 133), were 
shown by Bigellow (7 ./4mer. C/tem. Soc., 1907, 29, 1576, 1675; 1909, 31, 1194) and 
Bartell (/. Phys. Chem ., 1911, 15, 659; 1912, 16> 318, 659; J. Amer. Chem. 
Soc., 1914, 36, 646; 1916, 38, 1036) to fail in certain systems.
The negative adsorption theory was the more favoured view advocated by Matliiew 
(Bancroft, loc. cit.) and Nathanson ijahr. wis. B ot., 1904. ^0, 431). Tinker (Proc. 
R03). Soc., 1916, 92R, 357 ; 1917, 93A., 268) and Bancroft </. Phys. Chem ., 1917, 21, 
441) showed that sugar was negatively adsorbed by copper ferro- and ferricyanide mem­
branes and explained the impermeability of sugai molecules to these membranes as the 
result of negative adsorption. Tinker Hoc. cit.) and Bartell (loc. cit.) suggested the 
precipitated membranes to be consisted of a collection of colloidal particles in which 
each visible aggregate comprised smaller colloidal particles affording two types of 
pores, one being those between the aggregates and the other being those penetrating 
each aggregate. It was, however, not possible to draw any sharp distinction between 
them. Their view that the best semi-permeable membranes are those with the smallest 
pores cannot be held as the only criterion for the osmotic effect 'n the face of their 
own experimental results.
Bartell and Hooker (/. Am er. Chem . Soc., 1916, 38, 1029) observed negative osmosis 
i.e ., diffusion of the solvent from the concentrated solution to the weak one. Tl:e rational 
explanation offered by them for such an osmotic effect is that the osmosis is due to the 
passage of a charged liquid layer along the capillary tube of the membrane under the 
driving force of a difference of potential acting as it were between the two faces of the 
membrane.
Weiser (/. Phys. Chem ., 1930, 3i ,  335, 1826) observed that these membranes were 
permeable to chloride, sulphate and ferricyanide but not to ferrocyanogen ions and tried 
to explain these results on the postulate that due to strong adsorption of ferrocyanide 
10ns, the pores of the membrane were clogged by the chains of oriented ferrocyanide 
molecules extending from a mono-molecular film on the surface throughout the pores of 
the solution and the ferrocyanide ions under such a condition were irreversibly adsorbed 
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to saturate the water in the pores with the salt. Sumtniiig- up all the observations ori 
the relation between permeability and adsorption, he visualised that the membrane would 
not be permeable either when negative adsorption took place or strong positive adsorption 
was observed. Therefore, the condition of permeability through the membranes, 
according to his view, would be governed by the adsorption of the salts between these 
two limits.
E x p e r i m e n t a l
Isotonic solutions of K3Fe(CN)6,, K2SO4 and KCl with sucrose solution were pre­
pared by plasmolysis. Soxhlet thimbles of standard dimensions obtained from B.T.L. 
were used for depositing the ferricyanide gel. Care was previously taken to observe 
that the same volume of liquid pipetted into the thimble gave the same height. An 1V/5- 
K3Fe(CN)i; solution was taken inside the thimble and it was immersed in N js  salt solu­
tion such that the height inside and outside was the .same, and the same length of time 
was allowed for deposition. Under these experimental conditions, the area of the 
permeable surface and the thickness of the membrane were assumed to remain constant 
for all membranes thus prepared. The membranes were soaked for several days in 
distilled water prior to their use.
The soaked thimbles were then completely drained out of the water from their 
surface and 3 c-c. of the electrolyte solution was placed inside the membranes. These 
were then suspended in 150 c.c. sugar solution, isotonic with the electrolyte, and 
left stoppered for 48 hours to attain equilibrium. Experiments on diffusion were 
performed in duplicate and the percentage of diffusion was estimated by determining 
the loss of the e’ectrolyte inside the thimble. The results are summarised in Table I.
T abi.e I
Before diffusion _ 4.168 4.179 4.086 4.056 4-093 4093
After ,, 0.969 0.976 I-.S2S 1 .510 2.065 2.005
% Diffusion 76.74 76.62 63.70 62.80 49-5 51,0
<V6
tfjW ht)
Potassium chloride could not be used in the case of silver ferricyanide membrane 
owing to the likelihood of i;hemical reactions with Ag of the membrane material.
To ascertain this relationship between permeability of these membranes and their 
adsorptive capacity, the adsorption of K3Fe(CN)6, K2SO4 and KCl on freshly precipi­
tated nickel, cobalt and silver ferricyanides was studied by the usual method. In the 
ca^e of K3Fe(CN)6! the precipitate became peptised by FeteiSTje'''and, heuce, it was 
coagulated before estimating the ferricyanide ions iBhattacharya and Dhar, Z. anorg. 
Chcm ., 1933, 213, 240; Gaur and Bhattacharya, this/owrnaZ, 1950, 27, 251 ; Weiser, 
loc. cit.). The results on adsorption are recorded in Table II. The maximum adsorp­
tion, calculated from the adsorption isotherms, are as follows :
K3Fe(CN)6. K2SO4. KCl.
I .  Nickel ferricyanide 0.8385 g . / g .  0.090 g ./g . o.°34o g . / g .
a. Cobalt ferricyanide 0.320 0.140 o.oi86
' 3 . Silver ferricyaji’de 0.289 0.038 —
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Eqm, conc. Amt. 
adsorbed, ) adsorbed, 
(g./g.) (g-/g)
Ni ferri- (0.3243 g-) 0.240 0.149 0 197 0.0:3 0,181 0.014
cyanide 0-454 0.322 ('.406 0,067 0 364 0.023
0.739 0.478 0 827 0.050 0 549 0.026
1-513 0.752 0 732 0.034
Co ferri- (o .iz isg ) 0-343 0,068 0-331 0,036 0,371 0.010
cyanide 0.501 o.ogu 0,668 o,o6S 0.743 0.014
0.820 0.138 1 005 0.0S9 I .114 0,0:7
1 5 14 0.225 1 343 o.iio 1,486 0,019
Ag ferri- (0.427S g.) 0.070 0.057 0,219 o,oiS
cyanide ' 0.251 0.078 0.443 0.027
0.418 0-133 0.666 0.334
0 626 0.185 1,017 0.038
The membranes v\ ere found completely impermeable to sugar solution. Adsorption
studies from cane sugar solution by the freshly precipitated complexes showed negative
adsorption, as shown in  Table III. Polarimeter readings for 5% and 3% sucrose solu-
tions are 6".42 and 3^.88 respectively.
T abi.e III
Precipitate. Wt. of the 
ppt. ,






Ni ferricyanide 6,88 g. 5-0 % 6,80 0-79
6,88 3 0 4 j 8 1,12
Co ferricyanidc 3.43 5'0 7,12 1,05
S-43 3-0 4'.28 1,06
Ag ferricyanide 3-31 5 0 6.53 0.62
3 31 3 0 3-Q6 0 79
D i s c u s s i o n
In the light of the controversial theories on the permeability of dissolved molecules, 
through ferro- and ferricyanide membranes, our observations in a summarised form 
are recorded' below.
The cane sugar solution showed negative adsorption with Ni, Co and Ag ferricya- 
nides. In has a'so been observed that these membranes are impermeable to sugar solu­
tion which is in accordance with the theory developed by Bancroft and Tinker ( loc .  c i t .) .
An extreme case which could not be explained by this theory is the impermeability 
of ferrocyanide membranes to Fe(CNj6'‘~ in spite of the high adsorption of ferrocyanogen 
ions by copper ferrocyanide. According to Weiser ( loc .  c i t . ]  the membrane becomes 
impermeable to the solute when (i) there is a marked negative adsorption and {2) when 
there is a positive adsorption sufficiently great to form a chain of oriented molecules 
saturating the solvent in the pores. In his opinion the degree of permeability of the 
membranes to the dissolved solute depends on the adsorption values.
Our experimental data on adsorption of FeCyu®", SOi^~ and Cl" by nickel ferricya- 
nide membrane show that the amounts of these lons adsorbed per g. are in the ratio 
FeCys^" ; S O /* : Cl" as 26.0: 2.7: i.o. If no diffusion- have taken place, the per­
centage loss in concentration due to adsorption should have been prorortional to the 
above ratio. But the %  loss inside the thimble as observed (vide Table I) is in the ratio 
27.7 ; 76.7 : 78.9. It is therefore evident that loss in concentration is very much higher 
when the adsorption is less and v i c e  v er sa ,  proving thereby that this big fall in concentra­
tion for very low adsorption values is mostly due to diffusion. Similar results follow in 
the case of cobalt and silver ferricyanide membranes. The adsorption ratio is 17.0 
(FeCye^*): 7.0 (SOi'^'): i.o  (CD as compared against %diffusion 32.1 ; 62.70 ; 85.97 for 
cobalt ferricyanide and 7.6 (FeCyo^*): 1.0 (S04^') against %diffusion 4 6 .4 : 50.25 
for silver ferricyanide membrane. Our observations therefore are in agreement with 
the views of Weiser {l oc .  c i t . } .
The authors wish to express their thankfuhiess to Dr. M. O. Farooq, Head of the 
Department of Chemistry, for his keen interest in the work and Dr. A. M. Khan of 
Botany Department for providing facilities for the completion of a part of this work in 
his laboratory.
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STUDIES ON THE COM POSITION AND COLLOIDAL BEHAVIOUR 
OF THE FERROGYANIDES OF SOME METALS.
Pa r t  I . Composition of C obalt  F errocyanide  by  Conductometric, 
POTENTIOMETRIC AND T hERMOMETRIC M eTHODS.
By W ahid  U. M alik , Reader in Chemistry, Muslim University  ^ Aligarh,
AND
A ba n i K. Bh attacharya , Professor o f Chemistry, Agra College, Agra.
Composition of cobalt ferrocyanide has been investigated by conducto­
metric, potentiometric, and thermometric methods by titrating cobalt chloride 
solution with K^FeCyg both in aqueous and aqueous alcoholic medium. Direct 
titrations i.e. CoCIg from the burette added to K^FeCyg while reverse titrations 
(K4Fecyg from the burette added to CoClj) show the existence of a compound 
KjCoFeC/g. CogFeCyg or K2Go3(FeCyg)2. The composition of this complex 
has been found to be influenced by adsorption and hydrolysis.
The composition of cobalt ferrocyanide was investigated by a number 
of workers both by analytical and physico-chemical methods. Wyrubow'  ^
observed that on adding potassium ferro cyanide to a cobalt salt solution, a 
blue precipitate, which soon changes to reddish colour in air is formed. But the 
exact composition of the precipitate could not be determined on the result of 
his experiments. He suggested that cobalt ferrocyanide under varying 
conditions may correspond to different compositions as given by the formulae 
CO^FeCyg; K ,Co, (FeCye)4 ; K^CoFeCyg and KgCog (FeCyg),.
Atanasiu and Velculescu} carried out potentiometric titrations of cobalt 
and nickel sulphate against potassium ferrocyanide. They observed inflexions 
on the titration curves at the molecular ratio of five cobalt or nickel and four 
of ferrocyanide. Britton and Dodd^ employed the method of conductometric 
titrations to study the precipitates formed by the interaction of a number of 
metallic salts with potassium ferrocyanide and they obtained inflexion corres­
ponding to the formation of CoaFeCYg XK4FeCyg when X = 0.63. X-ray 
diffraction method was used by Harry B . Weiser, W. O. Milligan^. They observ­
ed that the alkali ferrocyanides are adsorbed on the surface of highly dispersed 
crystals of the complex and no double salt is formed. According to them the 
breaks in the conductometric titration curves as observed by Britton and Dodd 
(loc. cit.) are without significance as regards the formation of double salts and 
may correspond to the flat portion of the adsorption curve. Bhattacharya and 
co-workers  ^ have carried out extensive investigations on the composition of a 
number of metallic ferro^-and ferricyanides by conductometric, potentiometric 
and thermometric titrations. More recently polarographic methods have been
used by Luigi Ricohoni and Paolo Goldschmied’ , Khosla and Gaur  ^ to elucidate the 
composition of some of these complexes.
In view of the conflicting opinions on the composition of cobalt ferro- 
cyanide, it appears that results obtained by several physico-chemical methods 
may prove more conclusive. In this paper we communicate the results of our 
investigations by conductometry, potentiometry and thermometry.
E xperimental
The method used by Caur and Bhattacharya* in carrying out the 
conductometrie and potentiometric titrations and that of Haider® for thermo­
metric titrations were followed. In conductome trie titrations the end point 
was determined with the help of Kohlrausch’s Universal Bridge (Pye Ltd.). 
The conductance obtained after each addition of the solution from the burette 
was corrected for dilution (Davies—The Conductivity of solutions, p. 238). 
Potentiometric titrations were performed with the help of a potentiometer (Leeds 
and Northrup). Ferri-ferrocyanide electrode was used and the changes in
redox potential given by the equation, E =  E o + 0.059 log^ ^ ^ ^ '"  (at 25oC)recyg----
were carried out in Dewar’s flask and the equivalence point was determined by 
the break or discontinuity in the titration curves. Observations were made in 
aqueous and aqueous alcoholic medium and these have been tabulated in Tables 
No. I,II and III. Two typical curves, one in aqueous and the other in aqueous—al­
coholic medium, have been given for only one concentration ratio of the reactants, 
both in direct and reverse titrations, wherever possible (vide curves No. I to 10). 
When CoClg is taken in the burette and added to K4Fe(CN)g it has been referred 
as direct titrations, while the reverse titrations mean the addition of K4Fe(CN)g to 
C0CI2. In order to minimise errors in conductivity titrations due to large 
volume change the solution taken in the cell was kept atleast 10 times more 
dilute than the solution taken in the burette.
TABLE I
Direct conductometric titrations
(i) M/4.42 G0CI2 and M /48.65 K^FeCyg. Cone, ratio (n) =  1:11.07
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Vol. of M/48.65 





G0GI2 req. for 
titration 
curves (vj)
Vol. of M/4.42 
C0CI2 calcu­
lated for 
10 c.c. of 
K^FeCyelOx 
(vi/v)
Eav. Vol. of 
M/48.65
lO.O c.c. 0.0 c.c. 1.10 c.c. 1.10 c.c. 12.2 c.c.
9.0 1.0 0.95 1.05 11.6
Curve 1
8.0 2.0 0.80 1.00 11.0
(ii) M /8.84 CoCL and M /48.65 K.FeCyg. Cone, ratio (n) =  1:5.53
1.00 c.c. 0.0 c.c. 2.18 c.c. 2.18 c.c. 12.1 c.c.
Curve No. 2
9.0 1.0 1.92 2.13 11.8
8.0 2.0 1.64 2.05 11.3
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TABLE II 
Reverse conductomtric titrations 
(ij M/4.865 K^FeCy* and M/44.2 . C0CI2. Cone, ratio (n) =  l :9.07
Vol. of M/44.8 




Vol. of M/4.865 
reqd. (Titration 
ctirves (v*)
Vol. of M/4.865 
K^FeCys calcu­
lated for 10 c.c. 
of M/44.2 CoGlj 
(lOvi/v)
Eq. Vol. of 
M/44.2 K^FeCye 
n (lOvi/v)
10 c.c. 0.0 c.c 0.85 C.C. 0.85 c.c 7.7 c.c. 
Curve No. 3
9.0 1.0 0.83 0.92 8.3
8.0 2.0 0.80 1.0 9.0
(iil M /9.73 KiFeCyg and M /44.2 GoClj. Cone, ratio (n) =  1:4.53.
10.0 c.c. 0.0 c.c. 1.70 C.C. 1.70 c.c. 7.7 C.C.
9.0 1.0 1.64 1.82 8.2
8.0 2.0 1.55 1.91 8.8
Curve No. 4
TABLE III
Vol. of M/44.2 Alcohol 
CoG'g in the added 
be^er (v)
Vol. of M/9.73 
K^FeCye calcu­
lated for 20 c.c. 
of M/44.2 CoCL 
20(vi/v)
Vol. of M/9.73 
K^ FeCyfi reqd. 
Titration 
curves (vj)
Eqv. Vol. of 
M/44.2. K^FeCys 
n(20vi/v)
20.0 c.c. 0.0 c.c. 3.50 c.c. 3.50 c.c. 15.9 c.c.
Curve No. 5
lf?.0 2.0 4.00 3.60 c.c. 18.1
16.0 4.0 4.12 3.40 18.9
Curve No. 6
(ii) M /19.46 KiFeCy* and M/44.2 CoCIj. Cone, ratio:=  1:2.26
20.0 c.c. 0.0 c.c. 7.00 c.c. 7.0 c.c. 15.9 c.c.
18.0 2.0 c.c. 7.22 6.50 c.c. 16.3
Curve No. 7




(i) M /4.42 C0CI2 and M /48.65 KiFeCyg. Cone, ratio == 1:11.07
Vol. of M/48.65 Alcohol Vol. of M/4.42 Vol. of M/4.42 Eqv. Vol. of
K^FeCyg in added C0CI2 reqd. C0CI2 calcula­ M/48.65 G0CI2
Dewar’s flask (v) (Titration ted for 20 c.c. n(20vi/v) ,
curves (v,) of M/48.65
K^FtCye (20vi/v)
20.0 c.c. 0.0 c.c. 2.20 c.c. 2.20 c c. 24.4 c.c.
18.0 2.0 1.85 2.05 22 7
Curve No. 9
16.0 4.0 1.60 2.00 22.1
Curve No. 10
(ii) M /8.84 CoCljand M /48.65 K^FeCy*. Cone, ratio =  1:5.53
2.00 c.c. 0.0 c.c. 4.20 c.c. 4.20 c.c. 23.2 c.c.
18 0 c.c. 2.0 3.60 4.00 22.1
16.0 4.0 3.10 3.88 21.5
Curve No. 11
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Reverse thermo metric titrations
(i) M/4.865 K^FeCys and M /44.2 CoGlj. Cone, ratio (n) =  1:9.07
Vol. of M/44.2 Alcohol Vol. of M/4.865 Vol. of M/4.865 Eqv. Vol. of
G0CI2 in Dewar’s added K 4FeGye reqd. K^FeCyg calcu- M/41r.2 K 4FeCye
flask (v) (Titration curves) lated for 20 c.c. n(20vi/v)
(vi) M/44.2 C 0CI220 (vi/v)
20.0 C .C . 0.0 c.c. 1.70 c.c. 1.70 c.c. 15.4 c.c.
18.0 2.0 1.60 c.c. 1.77 16.0
Curve No. 12
16.0 4.0 1.60 c.c. 1.77 16.0
(ii) M/9.73 KjFeCys and M /44.2 C0CI2 Cone, ratio (n) =  l : 4.53
20.0 c.c. 0.0. c.c: 3.50 c.c. 3.50 c.c. 15.9 c.c.
Curve No. 13
18.0 2.0 3.24 3.44 16.3
16.0 4.0 3.20 4.0 18.1
D is c u s s io n
The Summarised results of the conduetometrie titrations of cobalt chloride 
with potassium ferrocyanide (carried out both in the direct and reverse order) 
throw much light on the composition and nature of the freshly precipitated 
cobalt ferrocyanide (vide Tables I and II ;  curves 1 to 4).
Interaction between CoClg and K^FeCyg can lead to the formation of 
such simple compounds as KjCoFeCyg; CoFeCyg and K^Cog (FeCyg)j. 
lO.Oc.c. of M/4-865 K^Fe(GN)6 would need lO.O c.c., 20.0 c.c., and 15.0 c.c. of 
M /4 .865 C0CI2 (or, 19.0 c.c., 18.0 c.c., and 13.5 c.c. of M/4.42 CoClg—the 
concentration of CoClg actually used in the titrations) for the formation of 
KgCoFeCyg; CogFeCyg and K2CogFe(Cyg)2 respectively in direct titration. 
Theoretical titre values for 10 c.c. of M /4.42 Cocl^ in the reverse titration 
would be lO.Oc.c., 5.0 c.c. and 6.6. c.c. of M /4.42 K4FeCyg (or, 11.1 c.c.;
5.5 c.c. and 7.4 c.c. of M/4 . 865 K^FeCyg—the concentration of K^FeCy^ act­
ually used in the titrations).
The observed titre values for 10 c.c. of K^FeCyg solutions in aqueous 
medium is 12.1 to 12.2 c.c. of cobalt chloride solution, which, in presence of 
increasing amounts of alcohol decreases to 11.0 c.c. (vide table I) . This is nearer 
to the theoretical value (10.0 c.c.) required for the formulation of the compound 
KgCoFeCyg. The change in the titre values by increasing the proportion 
of alcohol in potassium ferrocyanide solution suggests that the interaction between 
GoGla and K4FeCyj is influenced by such factors like adsorption effects and 
hydrolysis of cobalt ferrocyanide complex. However, this change can be best 
explained by the hydrolysing character of cobalt ferrocyanide (vide Part I I  of 
this paper). In aqueous solutions the precipitated cobalt ferrocyanide partially 
hydrolyses releasing free ferrocyanogen ions which will react with cobalt chloride 
added from the burette. As the quantity of alcohol is increased, the hydrolysis
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is more and more suppressed and hence the amount of CoCl^ required for 10 c.c. 
of K4Fe(CN), in aqueous alcoholic medium becomes less and approaches the 
theoretical value.
The probable formula for cobalt ferrocyanide can be derived from the 
titration values when CoClj is added to KjFeCyg. The calculated values of 
CoGlj required for 10 c.c. of aqueous KjFeCyg when the reactants combine in 
the molecular ratio 1:1 and 3:2 are 10 c.c. and 15.0 c.c. respectively and hence
12.5 c.c. for the mixed complex. But the actual titre values for 10c. c. 
ofK^FeCyg are 12.1 and 12.2 c.c. (vide Table I), which agrees best with 
the value calculated above for the mixed complex. Hence the most probable 
formula for the cobalt ferrocyanide complex obtained by adding CoGlj to aqueous 
KjFeCyg is KaCoFeCyg, K^Coa (FeCyg)^. The composition of the mixed 
compound changes in aqueous alcoholic medium towards the normal compound 
obtained by mixing CoCIg and K^FeCy^ in the molecular ratio of 1.1. It 
may, however, be argued that the composition of cobalt ferrocyanide is not a 
mixed compound but may have the molecular formula K 4Go4Fe(Gyg)2 or it 
may be a double compound represented by the formula 2Go2FeGy6-K4FeGyg.
In  the case of titrations performed by reversing the order of mixing the 
solutions, it was found that the composition of cobalt ferrocyanide changes 
adcording to whether GoCIj is added to K4FeCyg or vice versa. From the 
calculated values 10 c.c. of G0CI2 require 10 c.c. of K4FeCyg if they combine 
in the molecular ratio 1:1. But the observations from the titration curves show 
that 10 ex . of GoGl^ require 7.7 c.c. of K 4FeGyg when aqueous solutions are 
mixed together (vide Table II). In  alcoholic solution, however, it is observed 
that the titre value of potassium ferrocyanide gradually increases to 9.0 c.c., 
that is, it approaches theoretical value (10 c.c.). The role of hydrolysis and 
adsorption effect on the precipitation of complex is in full agreement with the 
abofve observation. When GoGlg is taken in the titrating cell and K 4FeGyg 
is added from the burette, the precipitated cobalt ferrocyanide, on hydrolysis 
releases ferrocyanogen ions which, in turn, reacts with some CoGlj in the titrating 
cell. Hence, the amount of K^FeCyg required for the point of equivalence 
must be less than the calculated amount and in alcoholic solutions, the amount 
.of KjFeGyg required would be more in consequence of the check of hydrolysis 
which is brought about by alcohol.
The probable formula of cobalt ferrocyanide complex when potassium 
ferrocyanide is added to cobalt chloride also points towards the formation of a 
mixed compound. The calculated values of KjFeGyg required for 10 c.c. 
of aqueous CoGlg when the reactants combine in the molecular ratio 1:1 and 
2:1 are 10 c.c and 5.0 c.c. respectively. Therefore, lO.Oc.c. of aqueous CoClg 
would require 7.5 c.c. of K^FeGy, for the formation of the mixed compex 
KaGoFeCyg, Co^FeGyg. The actual observed titre value for 10 c.c. of GoClj 
is 7.7 c.c which agrees with the value calculated for the mixed compound. 
Hence the probable formula for the cobalt ferrocyanide complex obtained by 
adding K4FeCyg to CoGlj may be KjCoFeCyg.CojFeCyg or K 2Co3(FeCyg)2.
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Incidentally it may be noted that the latter compound was one of the compo­
nents of the precipitated complex when CoClg was added to K^FeCyg taken 
in the cell.
Results obtained by conductometry are in agreement with those of 
the potentiometric and thermometric titrations (vide Tables III , IV and V).
Quantitative evidence on the hydrolytic and adsorptive behaviour of 
this complex follows in Part II  of this paper.
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Part  I I —T he HYDROLYnc and  A dsorptivk  P roperties of C obalt 
F errocyanide S ol . in  the  L ight of its Composition by 
Physicochemical M ethods.
By W a h i d  U. M a l i k , Reader in Chemistry, Muslim University, Aligarh
AND
A bani K. Bh attagharya , Professor of Chemistry, Agra College, Agra.
The hydrolysable and adsorptive character of cobalt ferrocyanide has 
been investigated by precipitating cobalt ferrocyanide sol. Estimations of free 
ferrocyanide in the undialysed and dialysed samples of the sol. at various dilu­
tions and at different temperatures give evidence of hydrolysis in the freshly 
precipitated complex. Experiments on adsorption show that both FeCyg .
and Co++ are adsorbed by freshly precipitated cobalt ferrocyanide. The results 
on hydrolysis and adsorption lend support to the views put forward on the compo­
sition of the complex in Part I of this paper.
In our previous communication on the composition of cobalt ferro­
cyanide by conductometric, potentiometric and thermometric methods, the 
discrepancy between the theoretical and observed titre values both for direct 
(when CoClg was added to KiFeCyg) and reverse (when K4FeCyg was added 
to CoClg) titrations was explained on the basis of adsorption effects and the 
hydrolysable character of the freshly precipitated complex. In the light of the 
above observation, it was deemed necessary to investigate the hydrolytic 
character and adsorptive properties of the compound.
The present communication describes the experiments on the effect 
of dilution on cobalt ferrocyanide and those on the adsorption of K4FeCyg and 
cobalt chloride by the freshly precipitated complex.
Experimental
Preparation of cobalt ferrocyanide sol. In order to prepare the sol, 
the following solutions were prepared in doubly distilled water and their strengths 
determined.
1. K4Fe(CN)g solution— 111.2gms. per litre (estimated volumetrically 
against KMNO^ solution of known strength).
2. CoClg solution—64.945 gms. per litre (estimated gravimetrically 
as C0NH 4PO4).
The strengths of the solutions being known, the amounts of cobalt 
chloride and potassium ferrocyanide required to precipitate 2.5 gms. of cobalt 
ferrocyanide were calculated from the following equation.
STUDIES ON THE COMPOSITION AND COLLOIDAL BEHAVIOUR
OF THE FERROCYANIDE OF SOME METALS
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C0CI2 + K^Fe (GN)6=K2GoFe(CN)8 +  2KC1 
500 c.c. of cobalt ferrocyanide sol of strength 2.5 gms. per litre was then prepared 
by mixing 14.8 c.c. of potassium ferrocyanide solution (111.2 gms/litre) to 7.15c.c. 
of cobalt chloride (64.945 gms/litre) in the proportion of 1; 5/4 equivalents. The 
ferrocyanide solution was mixed gradually followed by stirring. A sol was 
formed which was dialysed in for several days.
In order to carry out hydrolysis experiments, the following procedure 
was adopted.
The undialysed and dialysed sols were taken and diluted with distilled 
water. Sols of four concentrations A; A/2; A/4; and A/8 were prepared by 
dilution, A being the initial concentration of the sol. The sols were precipitated 
by ammonium sulphate, and the clear supernatant liquid was titrated against 
dilute standard solutions of potassium permanganate. The experiments on 
the undialysed were carried out at 15°G and 35°G. The results are summari­
sed in the following table.
Table 1
Cencentration Amount of Amount of Amount of Increase of
of the sol. in K^FeCye in K^^FeCya in K^FeCye in K^FeCyr, in gms.
gms./htre gms. in 25 c.c. gms. released gms. per 100 on dilution
of the sol. per gms. of the 
sol.
gms. of the 
sol.
Undialysed sol. Temp. 15°+0.1°G
2.50 0.01146 0.1833 18.33
1.25 0.00623 0.1993 19.93 1.60
0.625 0.00346 0.2214 22.14 2.21
0.3125 0.00184 0.2362 23.62 1.48
Temp. 35°+0.1OG
2.50 0.01292 0.2067 20.67
1.25 0.00692 0.2214 22.14 1.47
0.625 0.00392 0.2488 24.88 2.74
0.3125 0.00208 0.2658 26.58 1.70
Sol Dialysed for.
one day Temp. 35°+0.I°G
2.5 0.00828 0.1324 13.24
1.25 0.00460 0.1466 14.66 1.42
0.625 0.00276 0.1764 17.64 2.98
0.3125 0.00138 0.1764 17.6 • . •
Sol. dialysed for
three days Temp. 35°+O0.1C
2.50 0.007615 0.1218 12.18
1.25 0.003920 0.125* 12,54 0.36
0.625 0.002077 0.1329 13.29 0.75
0.3125 0.001153 0.1475 14.75 1.46
Sol. dialysed for
four and five days Temp. 350+0 . KG
2.50 0,006920 0.1107 11.07
1.25 0.003692 0.1181 11.81 0.74
0.625 0.001846 0.1181 J1.81
0.3125 0.000923 0.1181 11.81
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c.c. water.
c.c. M/12.25 C0GI2 solution, 
c.c. M/8.96 C0CI2 
c.c. M/6.12 G0GI2
For adsorption experiments dialysed sols were taken and five cylindeis 
were arranged in series containing the following mixtures of CoClg and cobalt 
ferrocyanide sol.
(1) 25 c.c. of the sol.+25
(2) 25 c.c. of the sol.+25
(3) 25.0 c.c. of the sol.+25.0
(4) 25.5 c.c. of the sol.+25
(5) 25.0 c.c. „ „ +25.0 c.c. M/4.9 C oda
Before estimating the adsorption of cobalt chloride by the sol, it was 
found necessary to estimate whether any free K4Fe(CN)g was present in the 
dialysed sol. In order to ascertain this, ammonium sulphate was added to the 
sol in the first cylinder and left for twenty four hours. The supernatant liquid 
obtained after the coagulation of the sol was then titrated against N/324.8 KM n04 
solution. I t  was found that only a drop of KM n04  when added to 10. c.c. 
of the supernatant liquid was sufficient to give a pink colour. Hence the 
quantity of free ferrocyanide was taken to be negligible in the dialysed sol. The 
amounts of CoClj adsorbed were determined in each cylinder by estimating 
the concentrations of CoClj before and after adsorption under the same condi­
tions of dilution. The amounts adsorbed were obtained difference.
The results on the adsorption of CoClg by cobalt ferrocyanide have been 
summarised in Table No. II  and have been represented graphically in Fig. 2.
Table n
Vol. of the 
sol. and elec­
trolyte



















50 c.c. 0.0625 0.4848 0.i692 1.012 9.395
0.7270 0.6610 4.457 13.22
» » 0.9695 0.8530 7.651 17.06
>♦ 1.2150 1.0703 9.747 21 40
The adsorption of potassium ferrocyanide by cobalt ferrocyanide was 
determined in the same manner as that used for CoGlj. Five cylinders were 
arranged containing the following mixtures.
(1) 25.0 c.c. of the sol. +  25.0 c.c. of M/60 KiFe(GN)e
(2) 25.0 c.c. of the sol.+  25.0 c.c. of M/40 ”
(3) 25.0 c.c. of the sol.+25.0 c.c. of M/30
(4) 25.0 c.c. of the sol.+25.0 c.c. of M/20
(5) 25.0 c.c. of the sol.+  25.0 c.c. of M /10
The sols in the cylinders were then coagulated by adding ammonium 
sulphate. The supernatant liquid was then titrated against standard potassium 
permanganate solution. The amounts of K^FeGy, adsorbed were then obtained 
by the difference of the concentrations of K^FeCyg before and after adsorption.
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The results on the adsorption of K4Fe(CN)j by cobalt ferrocyanide 
have been summarised in Table III. These have also been graphically repre­
sented in Fig. 3.
Table III
Vol. of the 
sol and elec­
trolyte
Wt. of the 
adsorbent 
in gms.



































The following interesting points arise out of our observations on hydro­
lysis studied by estimating the free ferrocyanide in the dialysed and undialysed 
samples of cobalt ferrocyanide sols at different dilutions and at different 
temperatures.
1. Temperature effect is more pronounced in the case of undialysed 
sol than in the dialysed one, in as much as it shows no temperature effect after 
the first day of dialysis within the range of 20° G (Vide Table No. I and Fig. 
No. I).
2. Another striking point is the linearity or non-linearity of the curves. 
It will be observed that the dilution effect on the undialysed sol. is linear, showing 
that the amounts of free ferrocyanide released are proportional to the dilution 
of the sol.
3. The amounts of free ferrocyanide released after the fourth and fifth 
days of dialysis are the same, and show practically no dilution effect.
From the foregoing observations, it is, therefore, evident that the cobalt 
ferrocyanide sol. on precipitation shows a marked tendency to hydrolyse. It 
is further observed that the sol. shows greater variation with temperature and 
dilution in the undialysed state and their effect becomes less and less, as the 
dialysis proceeds. It appears that the hydrolysed sols, gradually attain a steady 
composition after a few days of dialysis, as is shown by the fact that the dilution 
effect practically becomes negligible after the fourth or fifth day of dialysis.
At this stage it is necessary to recapitulate the observations on the results 
of conductometric, potentiometric and thermometric titrations of CoCL  ^ with 
K4FeCyg described in Part I of this communication. It was observed that 
the titre values obtained by these three methods in purely aqueous and aqueous- 
alcoholic solutions showed certain characteristics which had been explained 
by the possibilities of such phenomenon as (i) hydrolysis and (ii) adsorption, 
the former influencing the composit'on nf cobalt ferror.yanide to a great extent.
In direct titrations when CoCl^ is added to K4FeCyg, the observed titre value 
for 10.0 c.c. of potassium ferrocyanide decreased from 12.1. C.C., in the aqueous 
medium, to 11.0  c.c. in aqueous-alcoholic medium, and, in the reverse titrations, 
when potassium ferrocyanide is added to cobalt-chloride, the observed titre 
value for 10.0 c.c. of CoCl^ increased from 7.7 c.c. to 9.0 c.c. The fact that the 
titre values in the aqueous alcoholic medium approach the theoretical value 
(10 c.c.) goes to prove that the precipitates of cobah ferrocyanide hydrolyse 
and that this tendency is checked in non-aqueous medium. Our experiments 
on the estimations of free ferrocyanide at different dilutions and at different 
stages of dialysis confirm the views put forward to explain the changeable compo­
sition of this complex (vide Part I).
Alongside, with hydrolysis, studies in adsorption have also given impor­
tant results which show the influence of this phenomenon on the composition 
of cobalt ferrocyanide. It will be observed that the adsorption isotherm equation 
X  I  .—■ =  < —  is satisfied for the adsorption of K^FeCyg by the precipitated
complex (vide Table III , Fig. 3). The shape of the curve for the adsorption 
of CoClj however, is not parabolic, yet it shows that cobalt chloride is 
also adsorbed by the precipitates (vide Table II; Fig. 2).
On the basis of our experiments on the composition of cobalt ferrocyanide 
by physico-chemical methods, it was shown that the complex can be represented 
by the formulae K4Co4Fe(Cy6)3 and K 2Co3(FeCyg)g, according as CoClj is 
added to K4Fe(CN)g or vice versa. These compounds, however, can be for­
mulated as 2CoaFeCyg. K^FeCyg and CogFeCyg. KgCoFeCyg respectively. 
The formation of such compounds can possibly be explained on adsorption of
FeCy, '.......and Co++ and find experimental suppoit by our experiments
on adsorption.
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NOTICE
By an unfortunate oversight Figures 1-3 of Malik and Bhattacharya’s 
article “ Studies on the Composition and Colloidal Behaviour of the‘Ferrocyanide 
of Some Metals-Part I I ” (Agra Univ. J. Res. (Sci.). Vol. VI, 1, pp. 25-30) were 
lefc out in printing. They are sent herewith as pages 30 a-c, and may kindly 
be inserted at their proper place in the volume, while binding.
CHIEF EDITOR
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Changes in the Zeta-Potential o f Copper Ferrocyanide Sol by Gradual 
Addition o f Electrolytes
B y  M . A i j a z  B e g  and W. U. M a li k * )
}Yith 2 figures (Received March 1, 1957)
That the stabihty of a hydrophobic sol is also noticed th a t other conditions being
intimately related to its f-potential was identical, the greater the C-potential, the
experimentally confirmed by the earlier greater is^the stability of the sol. The later
workers like H a r d y  (1 ), and others. They work is being done to explain the changes
in the f-potential consequent to the addition
*) ]>resent adress: Shibli Kational College, Azam- o i  electrolytes on the basis of H e lm h o l tz ’s 
garh. r .  P. (India). electrical double layer.
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Assuming tha t with the addition of electrolyte, ionic 
layer thickness decreases and the charge remaining 
constant, G ouy (2) explained the C-potential-con- 
centration curve. But as he failed to explain the 
reversal of charge, F rc u n d lic h  (3) explained the 
changcs in ^-potential due to an alteration in the 
charge arising out of adsorption. In  1930 B u zag h  (4) 
in the course of his investigations showed tha t a 
variation of charge as well es a change in the thickness 
of the double layer invariably takes place with a change 
in the ^-potential arising out of addition of electrolyte.
Extensive work has been done by workers like 
Iv a n itz k e g e  (5), K ru y t  and B riggs (6) on the cata- 
phoretic velocity of hydrophobic sols in presence of 
electrolytes to derive useful conclusions regarding the 
essential characteristics of the double layer and the 
variations in f-potcntial as related to the stability of 
the system.
P n n y sc ieh  (7) studied the effect of various electro­
lytes on platinum sol. For acids he observed that the 
decrease in the f-potential is proportional to the square 
root of the concentration of electrolyte, while for bases 
f-potential increased rapidly w'ith the concentration, 
coagulation taking place after the cf-potontial has 
attained the maximum value for a sufficient concen­
tration. He explained it on the basis tha t the bases 
react with the surface oxide forming fresh ions while 
no such reaction takes place with the acid. Coagulation 
by salts gave a stepwise decrease in if^-potential showing 
that contra-ions are being liberated from the outer one 
of the double layer. But with some acids, hydrocyanic 
acid for example he noticed tha t ^-potential increases 
for lower concentration and then falls for still higher 
concentration. This increase was explained by the 
formation of fresh ions formed by the interaction of 
the cyanide radical with the oxide of the surface. 
However, a greater concentration decreases the 
further ionisation thereby reducing the chargc and 
making the sol unstable.
In  the light of the view-points given above, 
the variation in the C-potential is given by 
the relation:
C == 4 .t: edjD,
where e is the charge on the particle; d is the thickness 
of the double layer and D is the dielectric constant of 
the medium.
The variation in the f-potential and hydro­
gen concentration of copper ferrocyanide sol 
by the gradual addition of chlorides of po­
tassium, barium, and aluminium and tho ­
rium nitra te  has been described in this paper.
Experimental
Preparation of copper ferrocyanide sol. Copper sul­
phate and potassium ferrocyanide solutions were pre­
pared in conductivity w'ater. Assuming the colloidal 
particles to consist of K 2C'u3[Fc(CN)5]2, a sol of strength 
2.315 gms per litre was obtained by adding equal 
volume of M/500 copper sulphate dropwise to M/75 
potassium ferrocyanide with constant stirring.
Solutions of chlorides of potassium, barium, alu­
minium and nitrate of thorium were also prepared in 
conductivity water, in order to observe the effect of 
varying amounts of added electrolytes on the f-poten- 
tial of copper ferrocyanide sol.
B u r to n ’s (8) method of determining the cata- 
phoretic velocity of colloidal particles has also been 
recommended by F re u n d lic h  (9). The mobility of the 
particle is independent of its size and form and is
related to potential as follows:
4 71 rj V ^^  ~iri)
tj- is the viscosity of the medium in which the 
particles move.
D- is the dielectric constant of the medium.
H- is the potential gradient of the applied field in 
electrostatic unit.
u is the velocity of the particles in cm./sec under 
the applied field.
Fig. 1. Zeta-potential/electrolyte concentration curve
The ]>rocedure adapted is as follows;—-
100 c.c. of the sol was taken in a conical flask and 
to this X  c.c. of the electrolyte plus (11 — x) c.c. of 
water was added for each experiment. Hydrogen ion 
concentration of the so diluted sol was determined by 
a potentiometer. A C7-tube with a little of water in its 
bottom was taken. The above electrolyte added sol was 
introduced slowly in the tJ-tube by its side tube, so 
that in both the limbs there was a column of water 
above the sol boundary. Platinum electrodes were
Fig. 2. [H+]/electrolyte concentration curve
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immersed in botli the lijnbs so that the electrodes dipped 
in the water. A current at 110 volts was j)assed through 
the f7-tube by connecting the electrodes to a trans­
former and rectifier. After a definite interval of time 
the displacements of tlie boundary in the two limbs 
were noted. The current was reversed and after the 
same interval of time, the displacements were again 
noted. The mean of the readings taken, is the displace­
ment in tliat time, f-potential has been calculated by 
the above given relation. The viscosity of the sol was 
measured at a constant j>ressure. The results are i-e- 
presented here graphically both for f-potential and 
hydrogen ion concentration.
Discussion
I t  is interesting to note tha t in presence of 
graduallj^ increasing concentrations of chlo­
rides of potassium, barium, and ahiminium, 
the i^-potential of the sol goes on decreasing 
(vide curve No. 1, 2 and 3). The case is how­
ever otherwise with thorium  nitrate. In this 
case C-potential first falls and then rises. Such 
variations were also observed by previous 
workers like K r i iy t ,  F re u n d lic h  (loc. cit.) 
in their studies on the variation of C-po­
tential during coagulation by ions of higher 
valence. For the same fall of ^-potential the 
order of effectiveness of different cations as 
observed here is Tli >  A1 >  Ba >  K.
According to B u z a g h  and others (loc.cit.) 
addition of electrolytes results into a de­
crease in the thickness of the double layer, 
and also in the ciiarges on the layer leading 
to the instability of the sol. Again the de­
crease in the charges and the thickness of the 
double layer will manifest itself in a regular 
decrease in the C-potential. Thus with the 
stepwise addition of the electrolyte, the 
C-potential of the sol should continuously 
fall. Again according to the existing electro­
lytic coagulation theory, coagulation takes 
place by ion exchange. Thus during the 
coagulation of a sol like th a t of copper ferro­
cyanide whose contra-ion layer is of hydrogen 
ion, the hydrogen ion concentration of sol 
should continuously increase due to the liber­
ation of hydrogen ions, from the contra-ion 
layer. Thus if the above hypothesis is correct 
in the electrolytic coagulation of copper ferro­
cyanide sol, the ^-potential will continuously 
fall and its hydrogen ion concentration will 
rise with the gradual addition of the coa­
gulating ion. The results represented in the 
curves 1 to 3 confirm the above view point.
The variation in ^-potential and hydrogen 
ion concentration of the sol for thorium  ion 
is represented by the curves No. 4. The first 
part of the curves shown here is quite normal 
and similar to those obtained for potassium 
and barium etc. The curve shows th a t during
electrolytic coagulation tJie ^-potential falls 
to the m inim um ; th a t is, tlie flouble layer 
thickness is reduced to such an extent that 
with the further adsorption of the coagulat­
ing ion the sol falls to coalescence. The 
behaviour of thorium ion is however an ab­
normal one, because after reacliing the 
minimum value the ^-potential again begins 
to rise in this case. I t  is probable, however, 
th a t after a certain concentration of thorium 
ion has been exceeded, thorium ions chemi­
cally react with the free cyanogen ions and 
form thorium ferrocj^anide in the inner part 
of the double layer. Its  being-hj^drolyseable 
releases ferrocyanogen ions which exert a 
peptising action on the particles of copper 
ferrocyanide. The f-potential thus starts in­
creasing again after reaching a minimum. 
Similar results have been obtained with 
cellulose diaphragms and aqueous solutions 
of various salts by others (10).
We thank Dr. M. 0 . F a ro o q  for his kind 
interest in the work.
f^ umniari/
Zeta-potential of copper ferrocyani.le sol falls, and 
its hydrogen ion concentration increases continuously 
with the addition of clilorides of potassium, barium, 
and aluminium till the sol falls to coalescence. The 
effect of thorium nitrate on the above sol is quite 
distinct from the rest in the sense that with its addition 
zeta-potential first falls rapidly, attains a minima, and 
then it again rises. I ’he lowering of zeta-potential as well 
as the increase in hydrogen ion concentration of this 
sol by the cations of different valencies follows the 
H ardy-.S c lm lze rule.
Zusammcnjasstmg
Das Zeta-Potential von Kupfer-Ferro-Cvanid-Sol 
sinkt, inid seine Wasserstoffkonzentration steigt kon- 
tinuierlieh mit Zufiigung der Chloride von Kalium, Ba­
rium und Aluminium, bis das Sol ausfallt. Der Effekt 
von 'J’horiumnitrat ist vdllig verschieden. Das Zeta- 
Potential fallt zuerst sehr stark, crreieht ein Mini­
mum und steigt dann wieder. Die Erniedrigung des 
Zeta-Potentials wie auch der Anstieg der ^^ ’asserstoft'- 
ionenkonzentration dieses Soles dureh Kationen ver- 
schiedener Wertigkeit entspricht der H ard y -S ch u lze -  
Pvegel.
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Chemical Analysis of the Complex 
formed by the Interaction of Chromous Chloride  
and Potassium Ferrocyanide, and its Adsorptive 
and Hydrolytic Properties
By W a h id  U. M a lik  and K. M. A b u b a c k e r
With 4 figures 
Summary
Chromous ferrocyanide complexes have been prepared by mixing K4Fe(CN)j and 
CrCljin the molar ra tio es l: 1,1; 2and 1:4. The analysis showed the existence of K2CrFe(CN)5, 
Cr2Fe(CN)8 and K 2Cr3[Fe(CN)j]2. The complexes are endowed with great adsorptive 
capacity for constituent ions and more so for ferrocyanide. A quantitative study showed' 
that the ‘normal’ complex Cr2Fe(CN)5 adsorbs one mole of Fe(CN)J and 0.3 mole of 
Cr++ in aqueous medium and 0.1 M of each in presence of 10% alcohol. The complexes, 
have got very little hydrolytic tendency,
Inhaltsiibersicht
Aus Losungen von CrCJa und K4Fe(CN)g fallen schwerlosliche Verbindungen aus; die 
Analyse weist auf die Existenz von K2CrFe(CN)e, Cr2Fe(CN)j und K2Cr3[Fe(CN)8]2 hin. 
Die Komplexe haben ein hohes Adsorptionsvermogen fiir die lonen, aus denen sie be- 
stehen, insbesondere fiir Fe(CN)6 -lonen. So adsorbiert Cr2Fe(CN)j aus waBriger Losung 
otwa 1 Mol Fe(CN)*^ bzw. 0.3 Mol Cr2+. Die Verbindungen hydrolysieren nur sehr wenig^
A large number of complexes of heavy metal salts with hexacyano- 
ferrite and ferrate are known. They are generally characterised by 
their bright colours of different shades, low solubility, tendency to pass 
over into colloidal state, and in a few cases, their tendency to assume 
gelatinous structure. Their composition has been found to differ from 
the freshly precipitated to the dried state  and this has been attributed 
m ainly due to their adsorptive and hydrolytic properties. The com­
position and properties of metal ferro- and ferricyanides have been
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■studied by a number of workers more specially by B h a t t a o h a r y a  
and c o - w o r k e r s i n  recent years. A review of their work however 
shows th a t almost nothing has been done till now on the ferrocyanogen 
complexes of Cu(I), Cr(II) and (III), M n(III), M o(III) and (VI), and 
W (VI), and a systematic study of their composition and properties needs 
some attention. The present communication deals with our investigation 
on the analysis of the Cr(II) complex in the dried state and its adsorptive 
and hydrolytic properties in the freshly precipitated state.
Experimental
Chromous chloride solution^'*) (‘neutral’ i. o. free from foreign ions) was standardised 
Iby oxidising a known volume with permanganate solution and titrating the excess poten- 
tiometrically against ferrous-ammonium sulphate. Standard solution of K4Fe(CN)g 
was prepared by dissolving a weighed amount of the A. R. sample and titrating against 
permanganate solution. Five samples for analysis were obtained as follows:








1 :2  CrCla added to K^FelCN),
1 : 1  CrClj added to K4Fe(CN)g
1:4 i  CrClj added to K4Fe(CN)5
1 :2  I K4Fe(CN)g added toCrCls
1 :2  I CrClaadded to K 4Fe(CN)g
These were left overnigth and the precipitate separated with the help of a F i s c h e r  
universal centrifuge. Samples ‘A’ to ‘D’ were washed free of electrolytes with water and 
sample ‘E ’ was subjected to alcoholic washing with a view to check the hydrolysis of the 
compound.
') G. C. S t o n e  and D. A. v a n  I n g e r ,  J . Amer. chem. Soc. 19, 542 (189?).
2) E. H. M i l l e r  and J. A. M a t h e w s ,  J. Amer. chem. Soc. 19; 547 (1897).
)^ E. H. M i l l e r ,  J. Amer. chem. Soc. 24, 239 (1902).
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vide Ph. D. thesis, Muslim University, Aligarh, 1968, K. M. A b u b a c k e r .
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P r o p e r t i e s  of  t h e  c o m p l e x  
The complex has a colloidal nature as shown by (a) the formation of 
a gel when CrCl2 is added to K^Fe(CN)g; (b) its passing into the filtrate 
in the form of very dilute sol; and (c) its peptisability with excess 
K 4Fe(C'N)g. I t  remains uneffected by acids and alkalis in the cold; but 
m ay be digested by boiling with cone. The precipitate disperses
it-self when a small quan tity  of it is boiled with water. The colour of the 
various samples a t different stages are tabulated as follows:





















A n a ly s is  of th e  com i)lex:
1. W a te r  c o n te n t:  The water content was determined by heating the complex in 
an electric oven to a temperature of 110°. The anhydrous sample was used for analysis.
2. I ro n : The complex was broken by alkali fusion in a platinum dish with NaOH 
and NagOj. Fe was converted to the oxide and Cr to chromate. The fused mass was 
leached with water, the oxide dissolved in dil. acid and estimated volumetrically.
3. C hro  m iuni : Chromium was estimated iodonietrically as chromate.
4. P o ta s s iu m : Potassium was estimated in the extract as K3[Co(N02)g] and the 
values checked by L a n g e ’s  flame photometer.
5. N itro g e n : A combination of K j e l d a h l ’s and C o l m a n ’s method used by S m i th  
and G r i s w o l d with slight modification was followed for the estimation of nitrogen.
The results of chemical analysis arc as follows (s. table p. 346).
A d s o r p t i v e  c a p a c i t y  of t h e  c o m p l e x ;  The above results indicate 
th a t the complex possesses adsorptive properties specially for ferro- 
cyanide ions, and hence a quantitative study of the extent of adsorp­
tion for Cr++ and Fe(CN)g ions was undertaken.
Experiments were performed both in aqueous and aqueous-alcoholic media. The method 
employed by M a l i k  and B h a t t a c h a r y a i ^ )  with some modifications was followed for 
studying the adsorption. The experiments were carried out under an inert atmosphere 
of nitrogen to prevent the oxidation of Cr++ ions.
The proportions in  which CrClj and K4Fe(CN)g are to be mixed to give the neutral 
complex was d(!termined and was found to be in close agreement with the calculated vo­
lumes for the formation of the complex Cr2Fe(CN)g (1 c.c. of 0.2 M K4Fe{CN)g required
1.33 c.c. of 0.3073 M CrClj giving the molar ratio 1:2). The volumes of the reagents to 
give one gram of the complex were hence calculated from the equation, K4Fe{CN)g +  
2 CrClj =  Cr2Fe(CN)5 -f- 4 KCl. One gram of the complex was precipitated in each of the 
ten flasks arranged in series (by mixing l.j.23 c.c. of KjFcfCN)^ and 20.6 c.c. of CrCy and
^^ ) L. C. S m i th  and E. G r i s w o l d ,  J. Amer. chem. Soc. 7o , 449 (19.53).
Z. anorg. aUg. Chemie. Bd. 301. 23
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Sample % constituent Equivalent 1 Ratio Formula ofthe complex*)
A K -  11.85 0.303
1
1.001 K2Cr3(F<=Cye)2
C r -  23.65 0.455 1.501
F e -  16.94 0.303 1.000
C N - 47.33 1.821 6.002
B K— 26.24 0.673 2.801 K,CrFeCy,
C r -  12.49 0.240 1.000 (+  0.2 K^FeCye)
F e -  16.11 0.289 1.201
C N - 44.01 1.692 7.049
C K -  — — — Cr,FeCye
C r -  32.98 0.634 2.15 {+ 0.08 C rA )
F e -  16.48 0.295 1.000
C N - 46.01 1.770 5.998
D K -  — — . Cr^FeCyj
Cr— 32.90 0.533 2.001
Fe— 17.66 0.316 1.000
CN 49.37 1.899 6.003
E K -  13.45 0.345 1.14 K,Cr, (FeCye),
C r -  22.45 0.432 1.429 ( +  0.1 K^FeCy,)
J’e -  16.88 0.302 1.000
C N - 47.13 1.812 5.996
*) It was also found from the determination of water content that each molecule of the 
complex is associated with six molecules of water.
increasing amounts, from 5 c.c. to 40 c.c., of 0.2 M K4Fe(CN)5 were added and the total 
volumes made up to 100 c.c. with distilled water. The contents were mixed thoroughly by 
a brisk current of nitrogen where after it was slowed down and maintained for 24 hours. 
The supernatent solutions wore then centrifuged and the excess of ferrocyanide estimated 
by titrating known volumes from it against permanganate solution, and the adsorption 
in moles per mole of the complex calculated. The experiment was repeated in presence of 
10% alcohol. Similar procedure was adopted for the adsorption of Cr++, the estimation of 
which was carried out by converting a known volume of it into chromate and titrating 
in acid medium using thiosulphate solution. All the adsorption experiments were carried 
out at 23 °C. Graphs were plotted between equilibrium concentration and adsorption 
and the maximum adsorption found by extrapolation method (vide Figs. 1—4). The 
logarithmic curves were also plotted and found to give straight lines for lower concen­
trations of the adsorbate.
The maximum adsorption in moles per mole of complex for each 
ion was found to be,
(i) Ferrocyanide in aqueous medium =  0.99,
(ii) Ferrocyanide in presence of 10% alcohol =  0.098,
(iii) Chromium in aqueous medium =  0.295,
(iv) Chromium in presence of 10% alcohol =  0.102.
Fig. 1. Adsorption o i K4Fe(CN)5 in aqueous 
Medium
M i/r0on of fe (CN)6 by Cri Fe (CN)e 
%  - —  Log T
,.10  n  W H  12 W Od 08
H y d r o l y s i s  of  t h e  com-  Aosorptionof K^Fe (CNj^by CriFe(CN)(
p le x :  On washing the preci­
p itate it was observed tha t 
free ferrocyanide was released.
Hence the experiments for 
studying the hydrolysis were 
taken up.
One gram of the complex was 
precipitated in a 250 c.c. flask and the 
total volume made upto 100 c.c. The 
suspension was then kept in a thermo­
state a t 23“ C and continuously 
stirred for 3 hours. The supernatent 
solution was then centrifuged and 
analysed for free ferrocyanogen libe­
rated by hydrolysis. The experiment 
was repeated with varying concen­
tration of the complex in suspension 
(1 gm, 0.5 gm., and 0.25 gm./lOO c.c.) 
and also at 55° C.
The percentage hydrolysis 
was found to  be 0.26, 0.31 
and 0.51 for concentration 
1 gm., 0.5 gm. and 0.25 gm. of 
complex/100 c.c. respectively 
a t  23° C, the corresponding 
values a t 55° C being 1.04,
1.41 and 1.80.
Discussion
The analysis of the various 
samples of the dried precipitate 
obtained by mixing K 4Fe(CN)g 
and CrCIg in different propor­
tions lead to the following con­
clusions :
The composition of the 
complex depends on the pro­
portion of the reagents mixed 
and the mode of mixing. The 
analj^sis of the sample C and o_ Adsorption of Chromium Ions by the
‘D’ obtained by mixmg Complex in aqueous Medium
23*
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20 W 60 dO m  120 M
■ 'C-[QwHt)rm QKicentrariondnMillimlesperUtre)
Fig. 2. Adsorption of K4Fe(CN)j in aqueous 
alcoholic Medium
Adsorption of Cr (ii) by Cr^  Fe (CNh 
- —  Log-C'
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Adsorption of Cr(ii}byCrjFe{CN)g 
- —  LogV W 16 H 12 10 H
K^Fe(CN)g and CrCla in molar ratio 1:4 and 1:2 respectively shows 
th a t a complex of the composition Cr2Fe(CN)6 is formed. When the 
precipitation is carried out in large excess of CrClg (sample ‘C’) some
of the latter remains adsorbed 
even after repeated washing. 
This may be due to the fact 
th a t the adsorbed Cr++ is con­
verted to Cr(0 H )3 by hydro­
lysis and subsequent oxidation. 
On drying the precipitate the 
Cr(0 H )3 is changed to CrgOg.
When CrCla is added to 
excess K 4Fe(CN)s (‘B’, molar
ratio 1:1) the complex for- 
!0 20 SO W 50 60 W a  u
— t^-^mMrimConcenrratm (in Millimoles perotre) composition
Fig. 4. Adsorption of Chromium by the Cora- K 2CrFe(CN)g. The excess of 
plex in aqueous alcoholic Medium ferrocyanide is not completely
washed off; some of it remains 
adsorbed and this is found to be 0.2 mole per mole of the complex. The 
analysis of sample ‘A’ and ‘E ’ obtained by mixing CrClj to K 4Fe(CN)(. 
and in the ratio 2:1, give the composition K 2Cr3(FeCyg)2. This is 
probably a m ixture of KgCrFeCyg (i) and CrjFeCyg (ii). In  the be­
ginning of the addition complex (i) is formed and is gradually converted 
to (ii) by excess of CrClg. Hence the composition can better be w ritten 
as K^CrFeCyg • CraFeCyg.
In the case of sample ‘A’ the excess of K^FeCy^ was almost completely washed off, 
but in the case of ‘E ’ where washing was done with 10% alcohol, some of the excess ferro­
cyanide was retained in the adsorbed state. This is probably due to the very low solubility 
of K4FeCyg in dilute alcohol.
The number of molecules of water associated with each mole of the 
complex was found to be six in every ease.
From adsorption studies it  is evident th a t the complex has got 
greater adsorptive capacity for ferrocyanide than for chromium. The 
tendency is very much suppressed by the presence of alcohol as is shown 
by the maximum adsorption of both the ions in aqueous and aqueous- 
alcoholic media. In  aqueous medium K^FeCyg is adsorbed to  the extent 
of about one mole per mole of the complex. The composition of the 
complex at this ‘saturated’ state can be w ritten as CrgFeCyg. K^FeCyg, 
which gives the apparent formula KgCrFeCyg. In  presence of 10% 
alcohol, the maximum adsorption is only about one tenth  (0.098 mole) 
of tha t in aqueous medium (0.99 mole). Similarly the extent of adsorption
of chromium was found to  be 0.3 and 0.1 mole per mole of the complex 
in aqueous and aqueous-alcoholic media respectively.
The graphs plotted between ‘x/m ’ against ‘c’ are parabolic in every 
case, agreeing w ith the classical F r e u n d l i c h ’s adsorption isotherm 
x/m =  Kc^^“. At higher concentrations of the adsorbate, the curves 
tend to become straight lines parallel to the concentration axis showing 
saturation with respect to adsorption. The plot of log ‘x/m ’ against 
log ‘c’ gave straight lines for the parabolic part of the curve (vide Figs. 
1 -4 ).
Hydrolysis is found to play very little role in deciding the nature and composition of the 
complex. At ordinary temperature the hydrolysis is c^uito negligible, being only about 
0.5% of the total concentration of the complex in three hours, even with very dilute sus­
pension 0.25 gm. in 100 c.c. water). At 55 °C, with a suspension of 1 gm. of the complex, the 
percentage hydrolysis is about 1; this increased with dilution to 1.8% with 0.25 gms. of 
the complex per 100 c.c. of water. The hydrolytic process may be represented as
Cr2Fe(CN)6 + 2 H^O = HaCrFe(CN)e + CrCOH)^
H,CrFe(CN), +  2 H^O =  H,Fe(CN), +  Cr{0 H )3
2 Cr(0H)2 + H^O -1- 0 = 2 CriOH),.
the Cr(0 H )2 being oxidised to chromic state.
Thanks are due to Prof. M. O. F arooq for his keen interest in the progress of this work.
A ligarh (In d ia ), M u slim  University, Chem ical Laboratories.
Bei der Redaktion eingegangen am 28. April 1959.
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Studies on the Composition 
a n d  Properties of M e ta l  Ferro cyan ogen  C om plexes.  I I
Physico-chem ical Studies on the Nature 
and Composition of Chromous Ferrocyanide^)
By W a h id  U. Ma uk  and K. M. A b u b a c k e r
With 4 figures
Part I: W. U. M a l i k  and K. M . A b u b a c k e r ,  Z. anorg. ailg. Ch.?m, 301, 343 (1959).
Summary
Potentiometric, co nductometric and amperometrio titrations have been carried out 
between CrClj and K4Fe(CN)g with varying concentrations of the reagents in aqueous 
and aqeous-alcoholic media. While evidence for the formation of both K2CrFe(CN)g 
and CraFelCN)^ was obtained irom the first two methods, the amperometrio titrations gave 
evidence only for the formation of K2CrFe(CN)g. From the discrepancies in the titre 
values (theoretical and determined), evidence for the role of adsorption in influencing the 
composition is obtained. The titre values approach the theoretical when measurements 
are done in presence of alcohol.
Inhaltsubersichl
Die Rektion zwischen CrCl  ^ und K4Fe(CN)8 ist mittels potentiometrischer, kondukto- 
metrischer und amperometrischer Titrationen untersucht worden. Mit den ersten beiden 
Methoden wurde die Bildung von KjCrFeCCN)^ und Cr2Fe(CN)8 nachgewiesen; die ampero- 
inetrische Titration gab nur Hinweise filr die Existenz der ersteren Verbindung. Durch die 
Adsorptionsfahigkeit der Verbindungen entstehen Fehler, die in Gegenwart von Alkohol 
geringer sind als in rein waBrigeni Medium.
Ill view" of the fact that the m ethod of chemical analysis does not 
give precise information about the composition and nature of the complex 
in many cases, conductometric, potentiometric and amperometric 
titrations between CrClj and K^^PeCyg under varying conditions were 
carried out in order to confirm our earlier results on chromous ferro- 
ctyanide (vide part I). The use of physico-chemical methods can help 
considerably in knowing facts like (i) the dependence of the composition 
on the mode of mixing; (ii) formation of more than one complex in succes­
sive stages; and (iii) the nature of the freshly precipitated complex of
th e  d ifferen t p h y sica l tec h n iq u es  m en tio n  m a y  be m ad e o f th e  recent  
am p erom etric  m eth o d  em p lo y ed  b y  K l e i b s )^ in  th e  s tu d y  of th e  ferro- 
cy a n id es of s ilv er  an d  cop p er.
Experimental
a) The conductometric titrations were carried out using a W. T. W. conductivity 
bridge and a jacket type conductivity cell, under an inert atmosphere of nitrogen, at 22° C. 
Direct and reverse titrations (taking KjFeCyg in the cell and vice versa) were carried out 
with different concentrations of the reagents in both aqueous and aqueous alcoholic media 
(0.01 M, 0.02 M, 0.03 M and 0.05 M K^FeCye against 0.454 M CrCl^ for direct titrations 
and 0.0091 M, 0.0182 M, 0.036 M and 0.0544 M CrCl_j against 0.2 M KjFeCyj in the case 
of reverse titrations, in aqueous medium and in presence of 8% and 20% alcohol). Some 
typical titration curves are given in Fig. 1 .
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Fig. 1 . Conductometric Titration between CrCIj and K4Fe(CN)5. a) Direct Titration 
1. 25.0 c.c. of 0.01 M K4Fe(CN)g in aqueous medium. 2. 25.0 c.c. of 0.01 M K4Fe(CN), 
in 8.0% alcohol, 3. 25.0 c.c. of 0.01 M K^Fe(CN)g in 25.0% alcohol, b) Reverse Ti­
tration 1 . 25.0 c.c. of 0.0182 M CrClj in aqueous medium. 2. 25.0 c.c. of 0.0182 M CrCl^
in 25% alcohol
b) A T i n s l e y  vernier potcnti omoter was used for potcntiometric titrations. The 
experiments were conducted under inert atmosphere in an air tight cell, using a smooth 
platinum indicator electrode in conjunction with a saturated calomel electrode. Since 
no sharp breaks could be obtained in reverse titrations, only direct titrations were per­
formed with different concentrations of the reagents both in aqueous and aqueous-alcoholic 
media (0.01 M, 0.02 M, and 0.04 M K^FeCyg against 0.108 M, 0.236 M and 0.454 M CrClj 
in aqeous medium and in presence of 8% and 20% alcohol). Some typical titration 
curves are given in Fig. 2.
e) The amperometric titrations between CrClg and K^FeCyg were carried out in an 
airtight cell and using a F i s c h e k  elecdropode with an external Multiflex-galvanometer 
(type MGF-2) connection. All the readings were taken at a dropping mercury electrode
2) G. A. K l e i b s ,  Z. analyt. Chem. 3, 303 (1948); 10, 244 (1955).
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with respect to saturated calomel electrode. The. constant potential to be applied was 
first determined from the anodic wave of chromous chloride solution in 1 M KCl and
0.005 % gelatine. 0.5 c.c. of standard CrClj solution (0.215 M) was transferred from the
microburette attachment of the 
storage flask (A S t o n e  type^) 
apparatus was used for storage) 
to the titration cell containing 
KCl and gelatine, after complete 
deaeration. Purified gas 
was used for deaeration and 
keeping the inert atmospliero 
throughout the experiment. 
T Ik ; polarogram obtained is 
shown in Fig. 3.
For carrj'ing out the titra ­
tions, a potential of 0.2 volt 
was applied to the cell con­
taining varying concentrations 
of CrClg and aliquots of K^FeCy^ 
were added from a micro- 
burette. The galvanomett'r 
readings were taken after each 
addition and thorough stirring 
for 2—3 ints. by the brisk current of ISi^ . The volume of K^FeCyg added was plotted against 
th(! galvanometer readings and the end point determined from the curve. Both direct 
and reverse titrations were carried out with different concentration of the reagents (2.15, 
4.3 and 0.5 millimolar CrClj against 50 m. molar K^FeCy^, and 1.0, 2.0 and 4.0 milli-
molar KjFeCyg against 204 m. molar CrClj) in
Fig. 2. Potential Titration between CrClj and K4Fe(CN)g 
1. 25.0 c.c. of 0.01 M K4Fe(CN)g against 0.454 M CrClj 
in aqueous medium. 2. 25.0 c.c. of 0.01 M K4Fe(CN)g 
against 0.4.')4 M CrCI^ in pcescnce of 8.0 % alcohol. 
3. 2.5.0 c.c. of 0.01 M K4Fe(CN)g against 0.454 M CrCl  ^




f '  both aqueous and aqueous-alcoholic (8% and 
20% alcohol) media. Some typical titration curves 
are given in Fig. 4.
Results and Discussion
oi 10 nnms
-^Potential in Volts (a) From the direct conductometric 
titrations (falling K^FeCjg in the cell) 
evidence was obtained for the formation 
of two distinct complexes KgCrPeCyg, 
and Cr2Fe(CN)g, the reacting proportions 
of K^FeCyg and CrClg being 1:1 and 
1:2 respectively. Though the second 
breaks were not prominent, (vide Fig. 1) 
still they perm itted the location of the 
end point. The presence of alcohol has great effect on the titre  values, 
bringing them nearer to the theoretical. The equivalent volume of 
CrClafor the first break rose from 22.7c.c. 24.97 c.c. for 2.5.0c.c. of K^FeCyg.
2) H. W. S t o n e ,  Analytic. Chem. 20, 747 (1948).
Fig. 3. Anodic wave for 2.3 milli­
molar CrCl,in 0.1 MKCl and 0.005 % 
gelatine. Chromic chromous ratio 
in the solution =  0.183
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A uniformity of this result was observed with all the concentrations of 
the reagents. Low titre  values were obtained in aqueous medium and 
this m ay be because the complex formed in presence of excess of K^FeCyg 
holds up a part of the la tte r in the adsorbed state  making it not available 
for the reaction. This adsorption is suppressed by the presence of alcohol.
01 02 OJ 04 06  Otf Of O i 09  
— ► Volume of Ctiramous Ctiloritiedncc) — 
a)
Fig. 4. Amperometrio Titration between CrClg
01 02 OJ W OJ 0^
» i/o(uine af Potassium Fermyanide.
b)
and KjFe(CN)g. a) Reverse Titration
(KjFe(CN), in cell.). 1. 25.0 c.c. of 2 millimolar K^Fe(CN)e x 0.204 MCrClj 2. 25.0 e.c. 
of 2 railliinolar K4Fe(CN)e x 0.204 MCrClj in presence of 25% alcoliol. b) Direct Ti­
tration (CrClj solution in the cell). 1 . 25 c.c. of 2.15 millimolar CrCU X 0.05 B KjFe(CN)j.
2. 25 c.c. of 2.15 millimolar CrCU X 0.05 M K4Fe(CN)g in presence of 2 5 %  alcohol
In  reverse titrations, the first breaks due to the formation of CraFeCyg 
(vide Fig. 2) were more prominent. The part played by adsorption was 
evident from the reverse titrations also; the titre  values in aqueous medium 
were lower than  the theoretical (as required by the equation) reaching 
almost the required values in presence of alcohol.
(b) The results from the potentiometric titrations were in perfect 
agreement with the above observations. Two breaks corresponding to 
the formation of K^CrFeCyg and CrgFeCyg were obtained with all the 
concentrations of the reagents used. The role of adsorption in removing 
the titre  values away from the theoretical and its suppression by alcohol 
could also be clearly seen when the titrations were carried out in aqueous 
and aqueous-alcoholic media.
A critical survey of the titration curves (Fig. 1—2) for conductometric and potentio­
metric titrations shows that the curves are of different and typical nature in the two media, 
in the early stages of the titration. Although the titre values approach the theoretical in 
aqueous-alcoholic media, the breaks become less sharp. It was also interesting to note that 
the titre values approached the theoretical even in aqeous medium when dilute solutions 
were used for the titrations.
(c) The amperometrio titra tion  carried out (both direct and reverse) 
between CrClg and K^FeCyg with varying concentration of the reagents 
in aqueous and aqueous-alcoholic media, interestingly enough, give evi­
dence for the formation of only one complex, CrgFeCyg. In the case of
direct titrations (CrCJa in the cell) the titre  values were again low in 
aqueous medium, but in presence of alcohol, an increase was observed 
approaching almost the theoretical.
(The values rose from 12.1 c.c.to 12.44c.c., 11.98 c.o. to 12,32o.c., 11.86 c.c. to 12.26c.c. 
for CrClg of concentrations 2.15, 4.3 and 4.46 m. molar respectively; the theoretically 
required volumes being 12.5 c.c. in every case). This might be due to suppression of ad­
sorption of chromous io ns by the precipitate. In aqueous medium, the complex formed 
in excess of CrCljholds some of the latter in the adsorbed state malting it not easily avail­
able for the reaction.
The concentrations of the reagents were also seen to influence the titre values. Better 
results were always obtained with dilute solutions, the titre values (vol. of K4Fe0 y5) 
rising from 11.86 to 12.1 c.c. in aqeous medium, from 12.01 to 12.32 c.c. in presence of 8% 
alcohol and from 12.25 to 12.44 c.c. in presence of 20% alcohol as against 25 c.c., of 6.45, 
and 2.16 millimolar CrCla. This may be due to the fact that with concentrated solutions 
bulky and gelatinous precipitate is obtained which holds more of CrClg in the adsorbed 
state. From the titre values it was also seen that hydrolysis plays are insignificant role, 
otherwise a reverse effect (i. e. higher titre values) would have been obtained with dilute 
solutions. This is in agreement with the quantitative studies carried out on this 
phenomenon (vide part I).
The adsorption of chromous ions by the complex was also supported by the reverse 
titrations; the titre values were found to be higher in aqueous medium approaching the 
theoretical in presence of alcohol. A rise in diffusion current due to Cr(II) ions was not 
observed immediately after the end point since the chromous ions added were held up 
by the complex.
Although potentiometric and conductometric methods gave ample 
evidence for the formation of two definite products KgCrFeCjg and 
CraPeCyg, it  is interesting to note th a t the relatively new technique of 
amperometry fails to show the existence of KgCrPeCyg. I t  can, therefore 
be argued th a t conductometric and potentiometric methods still have 
not outlined their u tility  and should be used along with other electro­
metric methods in getting a clear picture regarding the composition of 
complexes, especially where several products are obtained by reactions 
taking place in more than  one step.
These observations very well confirm our results on the adsorptive 
capacity of the fresh precipitate as described in part I, and also the 
existence of the complexes KaCrFeCyg and CrgFeCyg.
Thanks are due to Prof. M. 0. F a r o o q  for his keen interest in the progress of this work.
Aligarh (In d ia ), M uslim  University, Chem ical Laboratories.
Bei der Redaktion eingegangen am 28. April 1969.
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Studies on Less Familiar Ferrocyanogen Complexes: 
Part III — Interaction of Chromic Chloride 
with Potassium Ferro- & Ferricyanides
WAHID U. MALIK 
Department of Chemistry, Muslim University, Aligarh
Manuscript received 25 M ay 1959
Studies on the soluble complexes formed by the interaction of chromic chloride 
with potassium ferro- and ferricyanides are reported. In the case of potassium  
ferrocyanide complex, a red colour is developed which is dependent on the con­
centration of chromic ions as well as the period of reaction. These reactions 
when carried out at higher temperature give gels, the time of gelation depending 
on the concentration of the reactants and their molar ratios. Chromic ferro­
cyanide sol coagulates in the form of well-defined gel in the anodic limb of the 
cataphoretic tube. Spectrophotometric studies, using Job’s method, provide 
evidence for the existence of complexes like KCrFeCyj and CrFeCy .^
N recent years the problem of the composition of plexes. Zuman® and D’Amore* employed polaro-
heavy metal ferrocyanides has attracted the graphic technique for studying prussian blue and
attention of a large number of workers. Bhatta- tungsten ferrocyanide.
charya and co-workers^-* employed conductometric, • A review of the literature shows that so far very
potentiometric and thermometric titrations in deter- little work has been carried out on the ferrocyanogen
mining the composition of a number of such com- complexes of chromium. Investigations were taken
1
I
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V O L .  o r  Cp C I3  S O L N ^  m l .
Fig. 3 —  D i f f e r e n c e s  i n  t h e  o p t i c a l  d e n s i t i e s  o f  m i x ­
t u r e s  O F  CrClj A N D  KjFeCy, s o l u t i o n s  ; k e p t  f o r
24 h r )  a n d  t h e  s u m  o f  t h e  d e n s i t i e s  o f  C r C l s  a n d  K a F e C y ,  
s o l u t i o n s  ( 1 0 -® M )  p l o t t e d  a g a i n s t  v o l u m e  o f  c h r o m i c  
C H L O R ID E  a t  D IF F E R E N T  W A V E L E N G T H S  [In curve 1 the 
optical density values are plotted after adding 0-02 unit to 
the actual values]
Spectrophotoirietric studies for the interaction be­
tween chromic chloride and potassium ferricyanide 
carried out at wavelengths 500, 550 and 600 mjx 
provide proof for the existence of the complex 
CrFeCy*. Since the absorption of potassium ferri­
cyanide is higher than that of the mixture in each 
case, the absorption minima were considered to show 
tlie existence of complex ions and all these appear for 
the ratio 1 : 1  for Cr3+/FeCy|-.
Usually the development of colour is taken as 
one of the evidences for complex ion formation. 
Development of deep red colour in the present case 
should also point towards this fact. But. since the 
evidence for complex ion formation for chromic 
ferricyanide without any appreciable change in colour 
has been already obtained, it could be presumed that
some other changes in the reaction between chromic 
chloride and potassium ferrocyanide are taking place 
besides the formation of the complex, KCrFeCyg. It 
is quite possible that the presence of chromic ions 
might help in the hydrolysis of the ferrocyanide ions 
according to the equation
FeCy^--f HaO (FeCysH20)3- +  CN- and 
CN- +  HaO HCN +  O H -
That chromic ions can bring about the latter change 
does not seem to be improbable in view of the fact 
that Asperger and also Emschwiler (loc. cit,) observed 
more or less a similar behaviour with mercuric ions 
on the aqueous solution of potassiimi ferrocyanide.
The fact that complexes have got the tendency to 
pass over to the colloidal state is evident from the 
experiments carried out at higher temperature. Here 
the complexes show a great tendency to pass into the 
gel state so much so that the dialysed sample of the 
chromic ferrocyanide sol coagulates into the form of 
a well-defined gel in the cataphoretic tube.
Further work on these complexes is in progress.
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MALIK; LESS FAMILIAR FERROCYANOGEN COMPLEXES
(iii) CrClg and KsFeCyg (strength of the solution 
lO^W) mixtures prepared as in (i).
Absorption measurements were not restricted to 
only wavelengths giving maximum absorption but 
were carried out at different wavelengths as suggested 
by Vosburg and Cooper^^ for the identification of the 
complex ions. The difference in the optical densities 
of the mixtures and that of the sum of the optical 
densities of the constituents were plotted against 
volume of chromic chloride employed (Figs. 1-3).
The following wavelengths were selected for 
measuring the absorption of the different mixtures. 
Mixture (i) 400, 450, 500, 550 and 600 m(j.; mixture
(ii) 500, 550, 600, 800 and 1000 mjx; and mixture
(iii) 500, 550 and 600 m[x.
In the case of mixture (iii) the absorption values 
were invariably smaller than those for the consti­
tuents and, therefore, the minima were considered 
whereas for mixtures (i) and (ii) maxima were consi­
dered to draw inferences for complex ion formation.
F i g .  I —  D i f f e r e n c e  i n  t h e  o p t i c a l  d e n s i t i e s  o f  m i x t u r e s  
O F  CrClj A N D  K j F e C y e  s o l u t i o n s  k e p t  f o r  24 h r )
A N D  T H E  SU M  O F  T H E  O P T IC A L  D E N S IT IE S  O F  CrCl, A N D
KiFeCy, s o l u t i o n s  (lO'^JW) p l o t t e d  a g a i n s t  t h e  v o l u m e
O F  CrCla S O L U T IO N  AT D IF F E R E N T  W A V E L E N G T H S  [In curves 
1 and 2 the optical density values are plotted after multi­
plying the actual values by 10'‘ and in curves 3, 4 and 5 
the values are plotted after subtracting O'Ol unit from the 
actual values]
F i g .  2 —  D i f f e r e n c e  i n  t h e  o p t i c a l  d e n s i t i e s  o f  m i x t u r e s  
O F  C r C l a  A N D  K i F e C y e  s o l u t i o n s  ; k e p t  f o r  24 h r
A N D  d i l u t e d  10 t i m e s )  A N D  T H E  SU M  O P  T H E  O P T IC A L  D E N ­
S IT IE S  O F  CrCl, A N D  KjFeCye s o l u t i o n s  ( 1 0 - W )  p l o t t e d  
A G A IN S T  T H E  V O L U M E  O F  C r C l j  S O L U T IO N  A T  D I F F E R E N T  
W A V E L E N G T H S  [In C u r v e s  1, 2, 4 and 5 the optical density 
.values are plotted after adding O-OS, 0-01, 0-20 and 0-01 unit 
respectively to the actual values]
Discussion
The results obtained provide enough evidence 
regarding complex ion formation between chromic 
chloride and potassium ferro- and ferricyanides. 
From the spectrophotometric studies for the inter­
action between chromic chloride and potassium ferro- 
cyanide, both of concentration 10“ W , the most pro­
minent peak appears for the molar ratio 1:1 for 
Cr®+/FeCyg“ , which points definitely to the formation 
of a complex having the molecular formula KCrFeCye. 
Besides, maxima (although not very prominent) 
appear for the molar ratios 1; 4 and 4; 1 at wave­
lengths 400, 550 mjx and at 400, 550 and 600 m[j, 
respectively (Fig. 1). The results of the absorption 
studies of mixtures of chromic chloride (10“ W ) and 
potassium ferrocyanide (10“ W ) kept for 24 hr and 
then diluted ten times, however, give only one maxima 
for 1:1 ratio of Cr>>+/FeCy6“ (Fig. 2). Also it is 
rather interesting to find that the optical density 
differences are higher in the latter case. These facts 
show that there exists a difference when the reaction 
is carried out with dilute solutions of the reactants 
(10~^M) and when the reaction products of the same 
concentration are obtained by mixing reactant solu-/ 
tions of strength 10~^M and then diluting them. /
MALIK: LESS FAMILIAR FERROCYANOGEN COMPLEXES
up recently in our laboratories and interesting results 
on Cr^ "^  ferrocyanide have been reported®. The 
behaviour of Cr®+ towards alkali ferrocyanides was 
found to be interesting since it showed the tendency 
to form soluble complexes at the ordinary tempera­
ture — a behaviour quite different from that of other 
metal ions (with the exception of mercuric ions®'® at 
very low concentrations) which give insoluble com­
plexes. The present paper deals with some aspects 
of the interaction of chromic chloride with potassium 
ferro- and ferricyanides.
Experimental procedure
Standardization of solutions — Chromic chloride 
(A.R.) was dissolved in double distilled water (all 
glass apparatus) and its strength determined iodo- 
metrically^® after oxidizing the solution to chromate 
by sodium peroxide. Potassium ferrocyanide (A.R.) 
and potassium ferricyanide (recrystallized) were also 
dissolved in double distilled water and the strengths 
of the solutions determined volumetrically against 
potassium permanganate^^.
Results
Effect of concentration of reactants on complex 
formation — Chromic chloride and potassium ferro- 
and ferricyanide solutions of concentrations ranging 
between 0-lM and 0-75M were mixed in different 
molar ratios, viz. Cr®+/FeCy^ or FeCyg~, ranging 
between 1:9 and 9:1. In the case of potassium 
ferrocyanide-chromic chloride reaction, development 
of red colour was observed, the intensity of the colour 
diminishing with the increase in the ratio of Cr®+/ 
FeCyg". For example, intense red colour could be seen 
for ratios 1:9, 2:8 and 3:7 while the colour of the 
chromic ions masked it for solutions containing the 
reactants in the ratios 8:2 and 9:1. The reaction 
was also found to depend on concentration of chromic 
ions, the colour appearing instantaneously for higher 
concentrations (>0-2M). For solutions of lower 
concentrations, this period ranged from 6 hr (0-185M) 
to 24 hr (0-lM). In all the cases, further deepening 
of colour was observed on keeping the reaction 
mixture for longer intervals.
For studjdng the chromic chloride-ferricyanide 
reaction, reactants of concentrations ranging between 
0-5M and 0-lM  were mixed in the same molar ratios 
as taken for potassium ferrocyanide. In no case a 
marked change in colour was observed, the colour 
varying from yellowish green to brownish green and 
finally to green for Cr®+/FeCyg' ratios 1:9, 5:5 and 
9:1 respectively. The concentration of the reactants' 
and the time did not seem to influence the reaction 
in this case.
Colloidal behaviour of the reaction products — The 1 
action of heat on the reaction products is interesting, 
particularly for the ferrocyanide complex. I t  was 
found that the red colour of the chromic chloride- 
ferrocyanide complex developed quickly even at low 
concentrations of the reactants on heating. Besides, 
it was found to undergo gelation at a temperature 
near about 75 °C. (bath temperature) under suitable 
concentrations of the reactants. For example, on 
mixing equal volumes of the reactants (Cr^+ 0-965M 
and FeCye~ from 0-193M to 0-27M) no gelation was 
observed even on heating the mixture for 4 hr at 
80°C. However, on mixing 0-965M Cr®+ with FeCyg~ 
of concentrations 0-322M and 0-386M respectively, 
gelation was observed in 1 hr 40 min. and 80 min.  ^
respectively. Gelation under conditions as stated 
above was also studied while keeping the concentra­
tion of K4FeCye fixed at 0 -4^  and varying the con­
centrations of CrClj from 0T5M to 0-8M. In all 
these cases gelation was observed, the time of gelation 
depending on the molar ratios of the reactants. This 
aspect has been investigated in detail and the results 
are being published elsewhere.
On heating the chromic chloride-ferricyanide mix­
ture no deepening in colour was observed but gelation 
was observed, although at a higher temperature. 
Thus for molar ratios (Cr®+/FeCyg“ ) 9:1 and 5: 5, 
gel formation took place while this was not possible 
for the molar ratio 1: 9. Gelation was observable for 
concentrations ranging between OTM and 0-5M of 
the two reactants.
Although it was not possible to prepare a stable 
colloidal solution of chromic ferrocyanide, an interest­
ing fact is worth mentioning. When a mixture of 
20-0 ml. 0-4M K^FeCyg and 10-0 ml. of 0-5M CrClj 
diluted to 400 ml. was heated at 70°C. for 2 hr and 
then subjected to dialysis for 4 days, a stable sol was 
obtained. On keeping it in Burton’s type cataphore- 
tic tube (potential applied 220 V.) precipitation of 
the sol in the form of greenish brown and well- 
defined spiral took place in the anodic limb of the 
tube.
Spectrophotometric determination of complex ion for­
mation — Beckmann DU spectrophotometer was used 
for the measurements. The cell used was 1 cm. corex 
cell and the light source was a tungsten lamp.
For determining complex ion formation Job’s 
method of continuous variation was employed. The 
following mixtures were used.
(i) CrClj and K^FeCyg (strength of the solutions 
10 ~ W ) ranging between 2:18 and 18:2, and kept for 
24 hr.
(ii) CrClj and KiFeCyg (strength of the solutions 
10~W ) mixtures were made up as in (i) and diluted 
ten times after keeping the mixture for 24 hr.
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Studies on the soluble complexes formed by the interaction of chromic chloride 
with potassium ferro- and ferricyanides are reported. In the case of potassium 
ferrocyanide complex, a red colour is developed which is dependent on the con­
centration of chromic ions as well as the period of reaction. These reactions 
when carried out at higher temperature give gels, the time of gelation depending 
on the concentration of the reactants and their molar ratios. Chromic ferro­
cyanide sol coagulates in the form of well-defined gel in the anodic limb of the 
cataphoretic tube. Spectrophotometric studies, using Job’s method, provide 
evidence for the existence of complexes like KCrFeCyj and CrFeCy*.
N recent years the problem of the composition of plexes. Zuman^ and D’Amore* employed polaro-
heavy metal ferrocyanides has attracted the graphic technique for studying prussian blue and
attention of a large number of workers. Bhatta- tungsten ferrocyanide.
charya and co-workers^>  ^ employed conductometric, ■ A review of the Hterature shows that so far very
potentiometric and thermometric titrations in deter- little work has been carried out on the ferrocyanogen
mining the composition of a number of such com- complexes of chromium. Investigations were taken
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Wmiucterice continues to increaki during the zone of cpini^ete c o a g u U f t o ^ W  
intiaresting. It appears that in the zone of complete coagulation (30 i
amount of copper ferrocyani^ undergoing coalescence contineously inciibutes 
that of Al-hydroxide is simultaneously decreasing. This results in the Uber t^tio J^oi 
more of H+ and le^er number of Ql- Since the mobility of H+ is greater tham 
of Cfl", the conductence continues to increase. The rok of adsorption however cotd( 
not be definit^y explain«l with these results, '
The fact that adsorption plays a definite* rofe during mutual coag 
sols is clearly broughif out by considering the interaction of chromium ’ 
and copper ferr&cyanide sols. ^  the ; proportion of copper fem>cy<. 
increases, the conductarice of the supeiiiatant liquid falls contiuotidy i . 
copper'ferrbcyanidc and thereafter it rO&ains constant. The deossise in .
uctance even after the zone of complete ct^gulation (10%) clearly iiuKcal^t 
^beration of and subsequent adsorption contra ions. In th is -d w , it 
that out of the three antagonistic factors, viz., (i) surface reaction  ^ (i^'hbwrtiot 
of cofltra ions’" (i»i) adsorption, the latter seemstopJaya predomineot 
ccmstancy in conductance may -be explained by . assuming that, witb 
jirqportion of copper ferrocyanide in the coagulanis, tlie liberation of- cllt&iii 
ibns falls arid that of hydrogen ion increases; while the adsorbabiHty of -fi&6^^^ 
on the-coagulam falls and that of the latter increases. It is quite probabte-lik t^
6% of copper ferrocyanide the tw<;> oppc^ng factors balance each other and
ccmductance constant. ’ > ■ - “
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SUMMARY
Vaiiaikm in bydtogen and chloride ion as well as the seta potential have been studied 
di^og mutual coagulation. The zeta potentials of the sup^natant liquid were determin^ just after 
mixing, while the hydrogen and chloride ion activities were measured in the supernatant liquid obtained 
by keeping the sol mixture over night. The results suggest that coa^ation is due to the mutual adsorp* 
tion eS oj^o^tdy charged sol partidcs with the consequent liberation and simultaneous a^orption of 
contra ions.
Earlier workers like Hardy  ^have shown that stability of a sol is intimately 
related to the thickness of the double layer, which is directly measured by the zeta 
potential of the sol. In 1930 Buzagh® showed that during electrolytic coagulation, 
the thickness of the double layer as well as the charge on the particle decreases and 
this results into a decrease in the zeta potential. The present authors® have shown, 
that during the electrolytic coagulation of copper ferrocyanide sol, the contra ions 
are contino'usly liberated and the zeta potential faUs with the gradual addition of 
electrolyte.
In the continuation of our previous work* on the mutual coagulation of sols 
' we have employed potentiometric methods to study the mechanism of interaction 
between copper ferrocyanide and hydrous oxide sols of aluminium and chromium. 
The studies have been further extended by determining the variation in the zeta 
potential.
EXPERIMENTAL
The thre? sols, viz., ^luminium hydroxide, chromium hydroxide and copper 
fetyowanidc'were prepared by the methods described in the previous communica­
tion '
Th? positive and negative sols were mixed in proportions varying from zero 
hundric  ^perccnt and kept overnight. The concentration of hydrogeh ion in the 
ftup r^patant ^quid was determined by means of a potentiometer with a quinhy drone 
pjpctroiie and the other half element being calomel. The results for aluminium 
Wi,d chromiuo) hydroxide sols have been represented in figures 1 and 2 respectively.
pH of Jhe sols after diluting them to the same volume were also measured for 
.comp^ r^ i^on sake (figures 1 and 2, Curves 2 and 3).
The chloride ion activity of the supernatant liquids of the above sol mixtures 
was also measured poter.tiometrically using Ag-AgCl electrode in conjunction with a 
Standard calomel electrode. The results are represented in figures 1 and 2 (curve 4).
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2eta potential of the sol mixtures was detcrmmed by \  ,
cataphoretic velocity of the sol particles by Burtoos® method. For zeta P^^nt^  
measurements; the sols were mixed in proportions f co ‘
mixtures were immediately used. With the mcreasmg “ PJ"
ferrocyanide sol, the zeta potential decreased contmously till the P'^ f^ fe
was reached. And after tL  zone of complete coagulation, it « ? r t e d  t o  mcrease
again, but the movement of the sol particle was m the other direction. The results
are represented below.
TABLE I
oZ of Copper potential X 10» p^ential X 10»
errocvanide sol. with Al. hydroxide sol. with G^.hydroxide sol.
0 19-7 19*7
10 14-8 14-4










The results represented in fig. 1 and 2 reveal that as the proportion of copper 
ferrocyanide sol increased in the sol mixture from zero to 90J^  the chloride ion 
actively falls continously in both the cases; whereas hydrogen ion activity flails to a 
minimum (upto 60%) and then rises slowly in the case of aluminium hydroxide while 
it rapidly falls in the case of chromium hydroxide sol'although attaining a constancy 
in the later stages. Further the hydrogen ion concentration of the sol mixtures in 
both the cases is lesser than the sum of hydrogen ion concentration of the 
component sols diluted to the same extent. The later fact clearly indicates that 
the coagulaum adsorbs hydrogen ions very strongly.
With increasing proportion of copper ferrocyanide in the sol mixture, the 
hydrogen ion concentration falls continously in the case of chromium hydroxide and 
with aluminium hydroxide a slight but regular increase after a minimum is 
registered. The rapid decrease is dtie to the increasing proportion of the better 
adsorbent (copper ferrocyanide particles). In case of aluminium hydroxide sol, the 
increase in hydrogen ion concentration after the zone of complete coagulation may 
be due to the decreasing amount of the adsorbent (coagulaum) on partial precipita­
tion.
In both the cases of mutual coagulation described herein, the chloride ion 
activity falls continously as the proportion of copper ferrocyanide sol increases in the 
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whereas that of copper /errocyaaide should be zero, the chloride ion activity should 
fall with decrease in the proportion of the positive sols and hence would lie between 
the two extremes. With increasing proportion of the copper ferrocyanide sol, the 
adsorption of choride ions should increase resulting in the lowering of chloride ion 
activity.
On cither sides of the zones of complete coagulation there is a region of partial 
coagulation. Our results on cataphoretic velocity of the supernatant sol reveal that 
the movement of the sol particles from the two extremes of the zone of complete 
coagulation is in opposite direction. It suggests that in the earlier sets where the 
proportion of the negative sol in the sol mixture is very low, the availability of 
positive to the negative one is very high and that of the negative sol for the positive 
one is very low. So it is mostly the positive sol particles that are adsorbed on the 
negative nucleus and comparatively much less is the amount of negative sol that is 
adsorbed on the positive nucleus ; the former adsorption being sufficient enough to 
lower the zeta potential to the precipitation stage, whilst the latter can only 
lower the zeta potential. Thus the charge on the partially coagulated sol renaains 
positive and the variation on the other side of the zone of complete coagulation 
exhibit an altogether reverse behaviour.
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Studies on the Slow Coagulation of Arsenic Sulphide Sol
P a rt 1. V ariation  in  th e  E xtinction  Coefficient on the  Addition of E lectrolytes
B y  W a h i d  V.  M a l i k  and M o h a m a d  A l i  
With 1 figure in 3 details and 1 table
(R ece ived  S e p tem b e r 8, 1958)
Studies on the coagulation of the hydro- 
phobic sols using extinction coefficient as a 
measure of the state of agglomeration liave 
been carried out in recent years by Troelstra 
(1). The present work deals with the our 
investigations on the variation in extinction 
coefficient with the time of coagulation 
using different electrolytes.
Experimental
Arsenic sulphide sol was prepared by the usual 
method and its strength determined by coagulating a 
known volume of sol with hydrochloric acid, fdtering 
tln-ough sintered glass crucible and weighing it as 
after drying in an oven at 100°C. The solution 
of the coagulating electrolytes viz. KCl, BaClj, AICI3,
Th(N0)3 of strength f  , , and and re­
spectively, were prepared by dissolving A. R. samples 
in conductivity water.
In order to carry out the light absorption experiment, 
the concentration of the coagulating electrolytes 
required for coagulating the sol within a certain time 
(*/, hour to one hour) were first determined. This was 
done by adding varying amounts of the electrolytes 
to 10 cc of the sol and making tlio total volume 20 cc
by adding doubly distilled water. The volume of the 
sol plus electrolyte so determined W'as then taken in 
the cell and inserted in the cuvette of Lange's photo­
electric colorimeter model IV. The changes in the light 
absorption with time during slow coagulation was 
measured by noting the deflection in the galvanometer. 
These measurements were carried out using a dilute 
(0.8514 gm/iit) as well as concentrated (1.5214 gm/ 
lit) sol. A few results are tabulated in the following 
tai)le and curves obtained by plotting deflection against 
time are given fig. 1 .
Discussion
The changes in the extinction coefficient 
for arsenic sulphide sol on the addition of 
different cations during the process of slow 
coagulation show' th a t the extinction coef­
ficient increases with time. On plotting the 
deflections in the galvanometer against time, 
curves parabolic in nature are obtained for 
the electrolytes used (Fig. 1 ).
Assuming th a t the intensity of absorbed 
light l a  is a measure of the extinction 
coefficient and applying the Lambert Beer 
law, the intensity of absorbed light can be
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10 cc sol +  8.2 cc ^  KCl 50
+  1.8 cc HuO =  20 cc
10 cc sol +  0.9 CO BaClj 40200
+  9.1C0 H20 =  2000
IOCCS0I +1.7CC AICI3 28
+  8.3 ccHjO =  20 cc
10 cc sol +  7 CO Th(N03) 35 
+ SccHjO = 20 00
lOccsol +  8 c c ^ K C l 380
- f  2 c c  H 2O  20 cc
10 cc sol +  0.7 CO BaClj 45 
200
+  9.3 cc HjO =  20 cc 
31
10 cc sol +  1.5 cc 2000
+  8.5 CO HjO =  20 00
10 cc sol +  7.5 cc Th(N03)30 5000
+  2.5 H^O =  20 cc
given as
where 7q and I f  are the intensities of the 
transm itted and incident light, and N  is the 
number of particles, K  being a constant. 
I f  0 is the deflection in the galvanometer and 
h the proportionality constant, the equation 
may be written as
[1 ]
Parabolic curves obtained can be expressed 
by the general equation
e = atb, [2]
where a and b are constants.
Eliminating 6 from [1] and [2] and rear­
ranging, we obtain
„ E N  1
1- a h tb [3]-lo
Since N  is large
loatb =  - ± -  K N  h
N  =  -KI, atb .
Fig. 1. Vide Text
This equation [4] confirms our results tha t 
the extinction coefficient of the sol increases 
with time during slow coagulation. The 
colorimetric method can be successfully 
employed for studying the process.
Summary
The coagulation of arsenic sulphide sol in the slow 
region by the addition of mono-, bi-, tri-, and tetravalent 
cations has been studied using Lange’s colorimeter. 
Curves have been drawn between the deflections in the 
galvanometer (taken, as a measure of extinction) and 
time for different electrolytes added. Parabolic curves 
have been obtained for dilute sols and the results inter­
preted.
ZusammeMfassung
Die Koagulation von Arsen-Sulfid-Sol im langsamen 
Gebiet durch Zufiigung von 1- bis 4-wertigen Kationen 
wurde mit dem ia?ig^e-Kolorimeter untersucht. Die 
Kurven aus den Ablesungen des Galvanometers als 
MaB der Extinktion und Zeit fiir versohiedene Elektro- 
lyte sind gezeichnet. Diese parabolischen Kurven fiir 
verdtinnte Sole lassen sich interpretieren.
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Summary
Investigations have been carried out to determine the complex ion formation between 
cuprous chloride and hydrochloric acid and cuprous chloride and potassium chloride in 
the aqueous and solid phase. An indirect method to determine the concentration of the 
components in the solid phase was employed due to the highly oxidisable nature of cuprous 
ions. Rectangular curves were drawn. In the case of hydrochloric acid, complexes like 
HjCuClg and HgCuClj are formed in the liquid phase while II^CuClj; HgCuClj are formed 
in the solid phase. For potassium chloride, complexes like KgCuClj and K^CuClj were 
found to exist in the aqueous phase and KCuClj and K^CuClj were obtained in the solid 
phase. The amount of cuprous chloride going into solution with increasing amount of 
KCl was found to be lesser for HCl under identical conditions.
Inlialtsiibersicht
Es werden die Ergebnisse von Untersuchungen iiber die Komplexbildung zwischen 
CuCl imd HCl bzw. KCl in Losung und im Bodenkorper mitgetcilt. Zur Konzentrations- 
bestimmung der Komponenten im Bodenkorper wird eino indirekte Methode benutzt. 
Im System CuCI—HCl liegen in Losung die Komplexe HjCuClg und HgCuCl^ vor, analoge 
Komplexe finden sich in Losung im System CuCl—KCl, wahrend im Bodenkorper KCuClj 
und KgCuClj vorliegen.
R. E n g e l I )  and L e  C h a t e l i e h ^ )  determined the amount of cuprous chloride at 
various concentrations of hydrochloric acid at 0° and 17° respectively. They observed 
that with increasing concentration of hydrochloric acid more of cuprous chloride goes 
into solution, and that the amount of cuprous chloride increases slightly with increase 
in temperature. H u n t® )  carried out investigations in presence of neutral halides like 
sodium chloride and found that saturated solution of sodium chloride dissolves more 
than 16% at 90° and 8% at 40°. With dilute solutions he observed that the stability is 
about 10% at 90°, 6% at 40° and 4.3% at 14°. B o d l a n d e r  and S t o r b e c k ^ )  found that
') R. E n g e l ,  Ann. Chim. Physique (6), 17, 372 (1889); C. R. hebd. Seances Acad. Sci. 
121, 529 (1895).
2) H. L e  C h a t e l i e r ,  C . R. hebd. Seances Acad. Sci. 98, 814 (1884).
3) T. S. H u n t ,  Amer. Chem. J. 1, 199 (1871).
)^ G. B o e l a n d e r  and O. S t o r b e c k ,  Z. anorg. Chem. 31, 7 (1902).
cuprous chloride dissolves without decomposition in a solution of potassium chloride 
if the solutions are more concentrated than 0.05 N. Another fact observed by these; 
workers was that some of the cuprous chloride is converted into cupric salts, the ratio 
of Cu++/Cu+ decreasing with increasing concentration of potassium chloride. On the basis 
of their experimental results, they assumed that solutions of cuprous chlodride in 0.05 N 
to 0.4 N KCI contained complexes like KCuClj and in more concentrated solution K 2CUCI3.
Complex ion formation in solution of cuprous chloride in HCl was also reproted by 
L e  B l a n c  and N q y e s “) using cryoscopic method. They reported the existence of com­
plex HjCUgCl .^ In recent years existence of complex cupro-halogen anions have been 
reported by R e m y  and L a v e s ® ). They observed that in case of univalent copper, com­
plexes having ions CuCla, CuCls has the largest field of existence. S z a b o  and S z a b o ')  
determined analytically and potentiometrically the composition of solution obtained by 
dissolving copper anodically in solutions of KCl, NaCl, HCl, KBr and KI. In the chloride 
solutions they found tha t a complex anion CuClj is formed.
The present work describes the effect of varying amounts of water 
on the equilibrium existing between cuprous chloride and potassium 
chloride in the aqueous phase.
Experimental
The ususal procedure of studying a three component system by analysing the residue 
and the solution could not be followed as such due to the highly oxidisable nature of 
cuprous chloride. The following procedure was, therefore, employed.
A solution of CuCl in HCl w'as prepared and the strength of cuprous ions and HCl 
determined. The solution was then distributed in twenty test tubes, containing varying 
amounts of water; making the total volume 40 c.c. This resulted in the appearance of 
the solid phase and the supernatant liquid in each test tube, was analysed for CuCl and 
HCl. The difference in the two values (original conc.; the conc. in tlie liquid phase) gave 
the composition of the solid in equilibrium. The same method was employed for CuCl 
in KCl solution. Tie lines were drawn in order to know the composition of th(> couiplex 
formed between cuprous chloride and HCl, or KCl.
Cuprous chloride was prepared by reducing cupric chloride with pure metallic copper. 
The white crystalline solid so obtained W'as filtered through B iicH N E R  funnel, washed 
with alcohol, and finally with ether. The salt thus obtained was dried in vacuum dessi- 
cator. The method recommended by A n d r e w s * )  (titrating against KIO3) and P a r r “) 
(titrating cuprous thiocyanate precipitate against KMnO^) w-ere found inadequate. The 
following method was, therefore, adopted for the estimation of cuprous ions.
A known volume of cuprous chloride was taken in the beaker and a freshly prepared 
solution of ferric alum was added. The solution of the beaker was titrated against NH,SCN. 
At the end point, a bright reddish brown colour appeared. The method gave good results
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even in concentrated hydrochloric acid medium. Tlio method was tested poteutio- 
metrically against chromous chloride.
Potassium chloride was estimated by precipitating potassium as dipotassium mono 
sodium cobaltinitrite. The amount of KCl was calculated from the weight of the pre­
cipitate by multiplying with 149.2/454.1. Comparable resultes were obtained by estima­
ting K+ for the solutions by Flame photometer.
The cuprous chloridt- solutions and water were mixed in the following order.
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Boiling tube No. 1 
Boiling tube No. 2 
Boiling tube No. 3
Boiling tube No. 19 
Boiling tube No. 20
Water Solution
38 c.c. 2 c.c.
36 c.c. 4 c.c.
34 c.c. 6 c.c.
2 c.c. 38 c.c.
0 c.c. 40 c.c.
I’araffin was added to each tube and the solution was stirred and allowed to settle. 
The supernatant liquid was then analysed for CuCl and HCl or CuCl and KC). Some of 
the results are given in the following tables.
Table No 1













L 3.9 4.68 i 6.64 6.6 2.74 0.98
0.92 9.15 13.2 11.0 7.0 2.0
: 3- 8.92 14.05 19.92 16.6 11.0 2.5
4. 13.87 19.25 26.56 20.0 12.9 3.76
5. 16.85 23.36 33.20 24.5 16.4 4.16
6. 19.82 28.3 39.84 33.0 20.0 6.0
t . 27.75 33.81 46.48 : 38.5 18.8 5.0
8. 31.7 38.8 53.12 44.0 21.4 6.2
9. 35.7 45.3 59.76 49.5 24.0 5.3
10 . 43.6 50.5 66.40 66.5 22.8 6.0
1 1 . 51.53 55.3 73.04 i 60.6 21.5 5.2
12 . 56.5 60.9 79.68 66.0 23.1 6.1
13. 63.0 65.0 86.32 71.5 22.9 6.6
14. 71.4 70.2 92.90 77.0 21.5 7.0
]f). 77.5 75.4 99.60 82.5 22.4 7.0
1 16. 88.2 80.9 106.24 88.0 18.0 7.1
17. 98.1 84.9 112.88 93.6 14.8 8.6
18. 101.4 90.0 119.62 99.0 18.0 9.0
19. 107.0 100.4 126.16 104.5 19.0 4.0
i 20. 132.8 109.0 132.8 109.6 —
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§
CuCt gms. per Lrtre-----^
Fig. 1 . System CuCl—HCl
Table 2













1 . 10.0 1.4 11.19 9.3 1.19 1 7.9
2. 19.0 3.0 22.38 18.6 3.4 15.6
3. 30.0 5.0 33.57 27.9 3.6 22.0
4. 40.2 — 44.76 37.2 4.7 I —
5. 49.0 11.2 55.95 46.5 6.9 35.3
8. 60.0 ! 18.2 67.14 55.8 7.1 37.0
7. 71.0 ' 26.8 78.33 65.1 7.3 36.0
8. 80.0 35.7 89.52 74.4 9.5 36.3
9. 89.2 41.2 100.71 83.7 11.5 28.7
10 . 100.0 50.6 111.9 93.0 11.9 42.5
1 1 . 110.9 54.4 123.09 102.3 12.19 42.4
12 . 124.0 73.4 134.28 111.6 10.28 48.0
13. 134.0 82.3 144.47 120.9 11.5 ! 38.2
14. 146.6 1 99.1 156.66 130.2 10.0 38.6
15. 158.6 109.0 167.85 139.5 9.0 31.1
16. Not determined Not determined
17. Not determined Not determined
18. Not determined Not determined j
19. Not determined Not determined I
' 20. 223.8 186.0 223.8 186.0 — —
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CuC£ gms. per Litre - 
Fig. 2. System  CuCl-KCl
Results
The complexes obtained in the aqueous and sohd phase with HCl 
and KCl are:
Table 3
Cone, of HCl and i 
CuClgms./litre ; Molar ratio
in solid phase, ' in the solid
calculated from phase
tiepoint I  (CuChHCl)






















KCl +  CuCl
27.0 KCl Si
44.0 CuCl











Prom the foregoing results it m ay be concluded th a t with increasing 
concentration of hydrochloric acid, relatively more of cuprous chloride 
goes into the aqueous phase, the molar ratio CuCl:HCl, increasing 
from 1:3.3 to 1:2.4. The complexes formed in solution being H3CUCI4 
and HaCuClg. As expected, the am ount of cuprous chloride should de­
crease in the solid phase with increasing concentration of HCl, the molar 
ratio of CuCl:HCl, decreasing from 1 : 1.6  to 1 : 2 .8 . The complexes 
formed in the solid phase are HgCuClg and H 3CUCI4.
In  the case of potassium chloride, it will be seen th a t the am ount 
of cuprous chloride going into solution w ith increasing am ount of KCl 
is less than  observed for HCl (compare tables 1 and 2). The molar ratio 
of CuCl:KCl in the solid phase decreases (as expected) from 1 :0.8 to 
1:1.85 with increasing concentration. The complex formed in the liquid 
phase being K 3CUCI4 and KgCuCla while those in the solid phase are 
KCuCla and KgCuClg.
Thanks are due to Prof. M. 0 . F a r o o q , Head of the Chemistry Department, for the 
interest taken and the help extended by him in carrying out this work.
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Bci der Redaktion eingegangen am 4. Dezember 1958.
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Table No. 3
Curve No.
Concentration of HCl 
and CuCl gms./litre at 
the point of intersections





1 . 38.2 HCl Sj 1.0:3.3 HjCuCl^ 1
31.5 CuCl
88.0 HCl Sa 1.0:2.3 H^CuClj
98.0 CuCl
2. 31.6 HCl S, 1.0:8.3 i H.CUCL
26.0 CuCl !i
79.6 HCl Sj 1.0:2.35 H-CuCIs 1




Concentration of CuCl 
and KCl gms./litre at 





















Sx 1 .0 :3.0 KjCuCli !
135.0 KCl 
83.0 CuCl
S. 1.0:2.18 Kf iuCk  \
From the foregoing results it can be concluded that cuprous chloride 
forms complexes of the type HgCuCl^, HjCuClg in hydrochloric acid 
and KjCuCI^ and KgCuClj in potassium chloride. The results wholly 
confirm our results on chemical analysis as described in Part I.
In the case of e.m .f. neasurements, the points where sharp inflexion 
could be found were taken for calculating the formulae of the complex. 
These are as follows:
Table No. 5





5. 21.0 HCl Si 1.0:4.4 H^CuCl, 1
14.0 CuCl
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Curve No. Concentration of KCl 
and CuCl gms/litre
! Molar Ratio 
1 (CuCl: KCl)
Complex formed
7. 78.0 KCl St 
34.8 CuCl
1 .0 :3.0 KjCuClj
8.
1
104.0 KCl Si 
52.0 CuCl
1 .0 : 2.8 K3CUCI4
The formulae of the complexes found by potentiometric method 
confirm the results of chemical analysis and conductometry to some 
extent. I t  is thus evident that the potentiometric method suffers from 
limitations and cannot be successfully employed in this case.
Thanks are due to Prof. M. 0 . F a b o o c ! ,  Head of the Department for his keen interest 
in the progress of this work.
Aligarh (In d ia ), M u slim  University, Department of Chemistry,
Bei der Redaktion eingegangen am 26. Januar 1969.
ZeltBchrilt t a r  anorgkniaeho und allgem sine Chemio 
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Polarographlc Study ot Copper-biuret Complex
C o m p lex  fo rm a tio n  b e tw e e n  c o p p e r  s u lp h a te  a n d  b iu r e t  in  
th e  pH ra n g e  10-97 to  12-04 (p h o sp h a te  b u ffe rs)  h a s  b een  


















Fig. 1 Fig. 2
Fig. 1 . Polarogram . a  0-057 M b iu re t in 12-04 Pn buffer, 
6 0-002 M CuSOj in 0-057 M b iu re t
Fig. 2 . a  vs. log. b iu re t concentr.; b vs. Ph
050 asrv
188?) w as  o b ta in e d  b y  h e a t in g  u r e a  a n d  th io n y l-c h lo r id e i)  o n  
a  w a te r  b a t h  fo r  2 - 5 h o u rs  a n d  th e  p r o d u c t  t h u s  o b ta in e d  w a s  
c ry s ta lliz e d  f ro m  w a te r  a n d  f in a lly  f ro m  alco h o l. T h e  p o la ro - 
g ra m s w ere  ta k e n  u s in g  F is c h e r  E le c tro p o d e  in  c o n ju n c tio n  
w ith  L a n g e ’s  M u ltif le x  G a lv a n o m e te r  ty p e  M G F  2 , a n d  th e  
p h o s p h a te  b u f fe r  w a s  u se d  a s  th e  su p p o r tin g  e le c tro ly te . 
1 20  p o la ro g ra m s  w ith  se v e ra l c o n c e n tra t io n s  o f b iu r e t  (0 -0 8 5 M, 
0-057 M , 0-043 M , 0-028 M  a n d  0-0198 M) a n d  c o p p e r  su lp h a te  
(0-002 M, 0-0014 M , 0-001 M  a n d  0 -0 0 0 6  M) w ere  ta k e n . O b se r­
v a t io n s  w ere  m a d e  w ith  a n d  w ith o u t  th e  p re se n c e  o f m a x im u m - 
su p p re s so r  (m e th y l re d  0 -001% ). T h e  te m p e ra tu re  w as m a in ­
ta in e d  a t  30 ± 0 -1°.
F ro m  th e  e x p e r im e n ta l  re s u lts  i t  w as  fo u n d  t h a t  th e  v io le t 
co m p le x  of c o p p e r  w ith  b iu r e t  co u ld  b e  re d u c e d  a t  th e  d ro p ­
p in g  m e rc u ry  e le c tro d e  re v e rs ib ly  g iv in g  o n ly  o n e  w av e  
(F ig . l b ) .  T h is  r e p re s e n ts  o n e  e le c tro n  t r a n s f e r  fo r  th e  e lec­
tr o d e  re a c tio n . T h e  re v e r s ib i l i ty  o f  th e  e le c tro d e  r e a c tio n  w as
tested by Tomes’ method ^ ). A few results for the half-wave 
potentials a t different pn values and for different biuret con­
centrations for one particular pH (12-04) aregivenin the follow­
ing table.
_  2 -  _
Table. H a lf wave potentials 
Concentration of copper sulphate; 6.002  M.; m i ■ -1-778 mgS sec
pH 12-04 12-04 12-04 12-04 12-04 11-70 11-50 11-29
Cc. biuret*) . . 0-028 d-034 0-043 0-057 0-085 0-085 0-085 0-085
ij>) 3-52 3-36 3-28 3-20 2-72 3-60 3-72 4-16
■ ■ ■ ■ 0-480 0-490 0-495 0-500 0-510 0-490 0-485 0-480
a) Concentration of biuret (M). b) in amps 
S.C.E. in volts.
10- vs.
On plotting pH against -Ej a straight line was obtained 
(Fig. 2b). The slope of the line was found to be 0-24 and from 
this it was concluded that two hydroxyl groups take part in 
the formation of the complex. The point corresponding to 
pH== 12-04 does not lie on the straight line. This beha:viour 
seems to be specific at this particular pn- The straight line 
(Fig. 2 a) obtained by plotting log. biuret concentration 
against i j j ,  was found to have a slope Of 0-055, indicating 
that the violet complex contains one biuret molecule combined 
with one atom of copper. The structure of the complex can 





CO—N H / O^H
These results are in confirmity with those obtained by 
Kozo SoNE®),*) using spectrophotometric method.
D ep a rtm en t o f C h em istry , M u s l im  U n ivers ity , A lig a rh , 
I n d ia  . ^
W a h i d  U .  M a l i k  a n d  A .  Aziz K h a n
Eingegangen am 2, Marz 1959
’) H a w o r t h , R.C., and F. Ma n n ; J .  Chem. Soc. [London]' 
1943, 603. — '') T o m es , J .;  Coll. ceskoslov. chem. Commun. 9, 8 1 ,
12, 150 (1937). — “) K o m u ro , Y a s u y u k i ,  and Kozo S o n e :  F. Chem. 
Soc. Japan, Pure chem. Sect. 75, 1134 (1954). — *) S o n e , K o zo  and 
M ic h in o b e r  K a t o ;  Symposium of National Acad, of Sci. (India), 
195?. ■ , -
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ETUDES PHYSICO-CfflxWQUES 
SUR LE TARTRATE DE PLOMB
Par W ahid V. MALIK et S. M. F azlur RAHMAN
PREMlfiRE PARTIE
Titrages conductimetrLques et thermometriques
ENTRE L’AC^TATE DE PLOMB ET L’ACIDE TARTRIQUE 
EN MILIEUX A Q U E U X  ET HYDROALCOOLIQUE
Le fait que I’acide tartrique et ses sels de metaux alcalins ont ten­
dance former des complexes avec les sels de metaux lourds est bien 
connu. Ces derniferes annees, les references a des travaux poursuivis sur 
ce sujet sont nombreuses. Delax (i) a entrepris I’etude electrometrique 
des complexes formes entre les acides tartrique et mal^ique, et les ions 
metalliques bivalents., Son travail montre de fa^on evideate la presence 
en solution de complexes definis du tellure, du zinc, du cadmium, du 
plomb, du cuivre, du fer, du nickel et du cobalt, complexes dans les- 
quels le metal porte un atome d’hydrogfen'e et un groupement oxhydrile 
dans le cas de I’acide maleique, ou deux groupements oxhydriles dans 
le cas de I’acide tartrique. Anokin (2) a etudie le processus de for­
mation des composes cpmplexes entre le tartrate de sodium et le 
nitrate de plomb en faisant varier I’acidite du milieu, et les forinules 
desproduits obtenus ont ete determinees. II a ete montre que les grou- 
pements — COOH e t— OH de I’acide tartrique intervenaient I’un et 
i’autre dans le processus de formation du complexe. Un exces de tar­
trate de sodium conduisait au complexe,interne NaPbCiHsOc soluble, 
et pour une solution neutralisee avec de la soude caustique, une forma­
tion partielle du complexe soluble NaaPbCjHaOs a ete observee.
Pyantnitsitic (3ja fait une etude polarographique et potentiometrique 
des complexes du tartrate de plomb. II a observe que dans les solutions
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de tartrates alcalins, le deplacement du potential de demi-palier et 1 
chang’ement de concentration de I’ion plomb etaient proportionnels a 
carre de la concentration en ions La formula Pb;0 CH.C00)2 a et 
attribuee au compose forme. La constante d’equilibre de la reaction 
dans laquelle ce compose s’est forme, a ete determin^e par voie poten 
tiometrique et polarographique ; on a trouve respectivement 2,1 X lo* 
et 3,2 X io*‘. Reihlen (4) a observe que le nombre de phases du sys 
t6me, acide tartrique, alcali et sels de metaux lourds peut s’explique 
en supposant que I’acide tartrique forme quatre ions difFerents suivan 
le yoH de la solution, chacun de ces radicaux ioniques formant des sel 
complexes caracteristiques. Les ions apparaissent dans les zones de p\ 
suivantes :
3,0 -  4,3 -  HsT-i ; 4,3  — 11,4  -  H^T-a; i 1,4  — 12,7 — HT-3  
at au-delA HT-*.
D’apr^s ce qui precede, il apparait que, bien qu’on dispose de don 
nees experimentales suffisantes sur les complexes dn plomb et de I’acid 
tartrique dans des milieux d’acidite varies, I’etude de la composition di 
precipite forme par interaction de I’acetate de plomb et de I’acide tar 
trique est sans doule trfes peu avancee. Recemment precipitee, cett 
substance blanche et cristalline se dissout dans un leger excfes d’ammo 
niaque, et donne a la dialyse d’abord un sel, puis un gel d’oxyde di 
plomb. Dans cette note sont decrits nos resultats sur les titrages conduc 
timetriques et thermometriques de I’acide tartrique et de, I’acetate di 
plomb. Ces titrages ont ete elFectues en milieu aqueux et aussi en miliei 
hydroalcoolique, en vue d’etudier les proprieles du precipite, et le; 
facteurs qui peuvent 6tre directement, ou indirectement, a I’origine d( 
I’obtention d’un sel d’oxyde de plomb quand on dialyse ce compose.
PARTIE EXPfiRIMENTALE
Les solutions d’acetate de plomb et dlacide tartrique ont ete prepa 
rees en dissolvant des echantillons recristallises des reactifs dans di 
I’eau de conductibiiite. Leurs titres ont ete deterniines en dosant 1( 
plomb comme chromate de plomb, et I’acide tartrique volumetrique- 
ment. Des solutions de litre N/io ont ete ainsi obtenues, et diluees ave< 
de I’eau de conductibiiite pure pour obtenir des solutions de titre voulu
Les titrages conductimetriques ont ete e£fectu6s en utilisant le poni 
universel de Kohlrausch (W. C. Pye Ltd., Cambridge) avec un oscilla' 
teur et un ecouteur. Les electrodes de la cellule eiectrolytique ont t^« 
recouvertes de noir de platine, pour diminuer I’efFet de polarisation. II 
a ete effectue des titrages dans les deux sens ; dans le sens direct (acide 
tartrique dans la cellule eiectrolytique) et en sens inverse (acetate de 
plomb dans la cellule eiectrolytique : 1“ titrages d’acide tartrique M/io,
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ON THE BEHAVIOUR OF Cr" AND Cr"* AT THE DROPPING MERCURY 
ELECTRODE. PART I. REDUCTION OF DIFFERENT , 
VARIETIES OF CHROMIC CHLORIDE
B y  K . M . A b u bAc k r r  a n d  W a h id  U . M a w k
The oxidation potential of chromous-chromic electrodes system, besides bei^g influenced by factors 
like the ratio of chromic to chromous in the solution, the pH  of the medium, the electrode material 
used and the presence of foreign ions, is also foixnd to vary to diSerent extents by the addition erf 
different varieties of chromic chloride to chromous chloride solution. The latter change is inferesting 
in as far ai a temporary increase, instead of a decrease, in potential is observed, and it takes 
some time for the electrode system to regain its state of equilibriam. The behaviour of a number of 
chromic chloride solutions obtained as (i) freshly prepared green hydrate, (it) ’the aged (one month) 
green solution, (fii) a solution of violet isomer and (iv) a solution obtained after the oxidation of the 
blue chromous chloritJe, at the dropping mercury electrode, has been studied.
Demassieux and Heyrovsky ( / ,  Chem. Phys., jg-jg, 26, 31 from a study of the 
polarography of Cr®'*', have found that H'*' ions do not enter into the electrolytic process 
which may thus be expressed entirely by the reaction Cr®+ + © = They also,
found it easier to reduce the green complex [CrCl  ^ (H2 0 )iilC1.2H2 0  than the violet 
form [Cr(HjO)e]Cl, which predominates in dilute solutions. The polarography of 
isomeric Cr“  sulphate was studied by Willis (/. Proc. R oy. Soc., N . S. Wales, 194.6 , 78, 
2 3 9} who observed that the green chromic sulphate underwent irreversible reduction, 
and that the violet alum, when changed to green, showed a similar polarogram as that 
of the green sulphate,
Lingane and Pecsok {]■ Am er. Chem. Soc., 1 9 4 9 , 71, 4 2 5  ; 1 9 5 0 , 72, 1 8 9 ) studied 
the hydrolytic current of dr*“ and also the polarographic behaviour of Cr" in yarj| 
supporting electrolytes and found that the reduction potential pf Cr“ in dif 
supporting electrolytes could be taken as a measure of its reducing poWer.
' E X P E R I M E N T A r,
Measurements were taken uang a Fischer elecdroppde in GGajunction with an 
externally connected Mttltiflex galvanometer (type MQf 2). Nitrogen was used for • 
deaeration and for keeping the inert atmosphere during measurements. All readings 
were taken with a S-C.E. and a D.M.E. with constant pressure arrangement.
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A pure sample of chromous chloride solution, obtained from any foreign ion called 
‘neutral’ solntion for obtaining air-oxidised sample, was prepared as follows : Chromic 
chloride was reduced with zinc and HCl (Balthis and Bailar, ibid., 1936 , S8, 1474) and 
the resulting chromous chloride was precipitated as chromous acetate under an inert 
atmosphere. The acetate was washed free of zinc salt and then dissolved in minimum 
required amount of lAT-HCL Alcohol was added to the resulting solution to precipitate 
the chloride, which was then dissolved in air-free water after filtration by suction 
arrangement. Air was bubbled through the solution to oxidise it to the chromic state, 
and this solution was used for taking the polarograms. KCl was used as a supporting 
electrolyte and o.co5 % gelatine as maximum suppressor. The drop time (3 .3300.) was 
kept constant for all sets of readings.
Typical polarograms for the various samples are shown in Fig, i  and some of the 
readings are summarised in Table I.
F i g . I








T abi,e  I
Cone, of *E^h
soln. KCl. (a ll-ve ) 'a l l -v e )
I m. mol. o.iM 0 .7 8 1-5 6
i.o 2 .0 0 .8 1 1 .5 6
2-5 o.i 0 .7 8 5 1-57
2-5 2 .0 0 .8 0 1 .5 6
5-0 0 .1 0 .7 8 . I-S6
5.0 2 .0 0 .8 0 5 1-57
1 .0 0 .1 0 .9 5 1-5 6
1 .0 2^0 0 .9 6 1 .5 6
2.5 0 .1 0 .9 4 I-5S
2-S 2 .0 0-95 I 5 6
5-0 0 .1 0-95 1-57
5 0 3 .0 0 .9 6 1 .5 6
1 .0 0 .1 0 9 9 1 .5 8
1 .0 2 .0 0 .9 9 1-57
2-5 0 I 0-99 1 .5 8
2-5 2 .0 1 . 00 1 .5 8
S-0 '  o.i 1 . 00 1-57
S-o 2 .0 1 . 00 1 .5 8
1 .0 O.I 1 .1 8 1-52
1 .0 2.0 1 . 10 I -54
2-5 O.I I . I I 1 .5 6
2-5 2 .0 I . I 3 1-55
5-0 O.I 1 . 10 1-55
5-0 2 .0 1 . 12 1 .5 6
Cr“i soln. from chro- 
nious chloride
* E ’/2=Half-wave pot. for the first wave (Ci^+ to Cr2+).
** Eii/j=Half-wave pot. for the second wave (Cr^ -^ to Cr°).
Remarks.
First wave not very 
sharp. Reduction slov.’ 
and irreversible.
Both waves quite 
sharp. Reduction irre­
versible.
Both waves sharp and 
reduction irreversible.
Waves drawn ou t; 
small anodic wave ob­
served in every case.
D i s c u s s i o n
The following observations are made from the reduction of the varous varieties of 
Cr"' at the dropping mercury electrode :
(i). Higher concentrations of supporting electrolyte (KCl) make the half wave 
potential for the first stage reduction (Cr’^ + © = Cr '^^) more negative, but the second 
step (Cr®"^  + 3© = Cr°) is independent of its concentration. Also, the concentration cf 
Cr” does not affect the half-wave potential.
(it). Freshly prepared solution of the green hydrate has the lowest value for iJ/a 
( - 0.8 v) while the highest value ( - i . i v )  is obtained for the oxidised chromous 
chloride. Also, the first stage reduction is very slow in the case of freshly prepared 
green sample. The half-wave potential for the violet sample is higher than that of the 
aged solution of the green hydrate ( - 0.99 v and - 0.95 v respectively).
(iii). The waves are quite drawn out in the case of the sample obtained by the 
oxidation of chromous chloride. This solution, even after keeping exposed for two 
days and then bubbling air for about half an hour, gave a small anodic wave with 
£*12 -0.45 V. Also, unlike with all other samples, the second wave is not very sharp.
The above observations throw much light on the various forms of hydrated chromic 
ions and their stability towards reduction at a dropping mercury electrode. It is evident
that freshly prepared solution of the green hydrate is most easily reducible (E/a -0.8 v) 
and that the sample obtained by the aerial oxidation of blue chromous chloride is most 
difficultly reducible (£ /2  - i . i  v).
That the violet variety is the most stable one is borne out by the fact that the 
violet solutions are obtained both on ageing the solution of the green hydrate and also 
by aerial oxidation of the blue chromous chloride. A close proximity in the £ /2  values 
for the violet variety and that for the oxidised one also support this view point.
The highest (-v e ) value for the reduction potential of the chromic solution 
obtained by the oxidation of chromous chloride shows that it contains a more stable 
complex ion. Since the aerial oxidation is carried out in ‘neutral’ medium in the 
absence of any donor or acceptor ion, it is quite probable that a sort of oxygen bridge 
is established, like C rC lz-O -C rC la. This complex is quite stable and is more 
difficultly reducible at the dropping electrode. The blue chromous chloride solution, 
on long standing in air, becomes slightly opaque, and this may be due to the hydrolysi; 
of the bridged complex as
(CrClJ^O -f H 2O =  2 CrCU(OH).
Thanks are due to Prof. M. O, Farooq, for his keen interest in the progress of 
this work.
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E xplanato ry  note to  F ig  1 ,
C oncentration of Cr(III) i n  each case was 2.5 m .m ol/Jitre. Curves 1, 2 and 3  were 
obtained w ith  fresh ly  p repared green sam ple in  0.1 M, 0.5 M  and 2.0M-KCI respective ly  ;
4. w ith  aged sam ple of th e  green solu tion  in  0.1 .W-KCl ; and 5, w ith  v io let varie ty  in
0.1/W-KCl ; 6 , w ith  the sam ple obtained by oxidising  CrCl.,, in  O.lM-KCl. (Each curve 
shifted to  the  r ig h t by 5 divisions ; 1 divn. =0 .2  volt).
[Jour. Indian Cheni. Soc., Vol. 36, No. 7, 1959J
ON TH E BEHAVIOUR OF Cr" AND Cr'" AT TH E DROPPING 
MERCURY e l e c t r o d e . PART II. ANODIC WAVE OF 
Cr“ IN PRESENCE OF ACIDS, SAI.TS AND 
COMPI^EXING AGENTS
B y K .  M . A b u b a c k b r  a n d  W a h id  U . M a u k
The anodic waves of Cr“  obtained by the reduction of tlie green hydrate w ith zinc and HCl, and tha t 
of the chromous-chromic m ixture obtained by oxidising chroinous chloride to different degrees by 
H 2O2 have been s tud ied .
The anodic wave produced by chromous ions was used by Zinko and Manuseva 
(ZaModsiba3'a Lab., 194 1 , 10, 565) for the determination of chromium in steel, and the 
behaviour of chroiiio-chromic cyanide system at the dropping electrode was studied by 
Hume and KolthoS (/. ^w er. C/iew. Soc., 1943 , 6S, 1897). The characteristics of the 
anodic wave, produced by Cr“ in various supporting electrolytes, have been studied by 
Eingane and Pecsok (ibid., 1950, 7 2 ,189).
E x p e r i m e n t a Iv
A Fischer elecdropode w'ith a saturated calomel and dropping mercury electrode 
assembly was used for these measurements. A ‘neutral’ solution of chromous chloride 
was prepared and its strength determined potentiometrically using potassium perman­
ganate and ferrous ammonium sulphate. A dilute sample of this solution was then 
taken in the air-tight polarographic cell and its polarogram recorded (nitrogen was used 
for keeping the inert atmosphere during the experiments). The readings for the same 
solution were then taken during progressive oxidation (by the addition of dilute hydro­
gen peroxide, this being chosen to avoid the presence of any unncessary foreign jons in 
the test solution), thus obtaing the C.V. curves for mixtures containing different pro­
portions of chromous and chromic ions. Readings were also taken with various concen­
trations of the acids like hydrochloric, sulphuric, formic, acetic , oxalic, ciitric and 
tartaric etc. and their alkali metal salts. A E / 2  (Table 1 ) represents the half-wave 
potential for the anodic w'ave (Cr '^*'-  © =Cr®"') and C E f z  for the cathodic wave 
(Cr®'*' -t- © =  Cr^+j. A drop time of 3 .1  sec. was kept constant in every case (by cons­
tant pressure arrangement) and 0 .005% gelatine was used as maximum suppressor. The 
reversibility of the oxidation and reduction processes was seen by measuring the two 
values of and which represent the potentials at which the current is equal to one* 
fourth and threefourth respectively (Meiles, "Polagoraphic Techniques” , Ineterscience 
Publishers, is t ed., p. 105). The values of Ef -  for a reversible cathodic wave is 
equal to — 0.0564 volt and for a reversible anodic wave, + 0.0564 volt. Any appreciable 
deviation from these values was taken as a sign of irreversibility. The diffusion current 
constant was also determined in every case, ‘wi’ was determined by collecting the 
mercury for 15 minutes and weighing (Meiles, loc  ^ cit., p. 35).
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F ig .  I
T abi,e I
Cone, of Cone, of Criii AEjs CE!z AEI2 C B h A E h CE/2 A E h  C E h
Crii Criii ( -v e ) . (-v e ). (-v e ). ( -v e ) . (-ve). ( -v e ). ( -v e ) .  (-ve),
(tn, mol). (m. mol.). Cr«
*i.oM-KCl. ♦i.oM-KgSOi. *i oM-HCI.
2 .0 0 .1 4 6 0 .0 7 3 0.53 1 .0 9 . 0-32 1 .0 4 o.6 j 1 .0 6 0 .5 8  I.O
1-5 0 .6 4 6 0 .4 3 1 0 ,5 2 1.0 8 0 ,3 0 1 .0 6 0 .6 3 1 .0 4 0 .5 6  1 .0 2
1 ,0 1 .1 4 6 1 .1 4 6 0.52 I 0 5 0.31 1 .0 4 0 .6 3 1.04 0 .5 4  1 .0 2
0.5 1.646 3-390 0.52 1 .00 0.32 0.98 0.64 1.06 0 .5 5  0 .9 8
— 2.146 ... 0.98 ... 0.96 ... I.o'! 0,98
Electrode reac­
tions irreversible.
* As supporting electrolyte.
Half-wave potentials Reactions Reactions
remain almost const, irreversible. irreversible.
Reaction irreversible.
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Since no appreciable shift either in the cathodic or anodic half-wave potential was 
observed by changing the chromic-chromous ratio, only one reading of each was taken for 
the rest of the electrolytes studied. The summary of the readings are recorded in 
Table II. The potentials obtained from ill-defined waves are shown in parentheses.
T a ble  II
S. No. Supporting electrolyte. AEI2
( -v e ) .
CE/z
( - v e ) .
id/am  2/3 ti . R em arks,
I . I  M-KCl 0.52 I ‘■’5 -I-.S4 Irreversible
2 . I  M - K a S O i 0.31 I  02 - 1-56
3- I  M-HCl 0 .6 3 I.OS - 1 - 5 3 t»
4- 1 M - H j S O i .0 5 5 1 .0° - 1 - 4 5 t ,
5- 0.5M-KC1+0.5M-HC1 0 60 1.04 - 1.30 it
6. 0 .5 M-K2SO4+ 0 .5 M-H2SO4 (0 4' 1 .0 2 -1-55 tf
7 - 1 M-NH4CI 0 .6 s - 1 . 0 -1-25 ,,





iM -K -dtrate 
iM -K -tartrate 
iM-Acetic acid 
iM-K-oxalate
(0 .4) {1 .2 )
(0 .9 5 )
- 0 .8 5




D i s c u s s i o n
The following inferences are drawn from a stddy of the anodic waves of Cr“ in 
various supporting electrolytes:
(i). The anodic wave of Cr” and the cathodic wave of Cr'“ show irreversibility 
wherever the electrode reaction takes place.
(a). Chromous ions are not oxidised in presence of supporting electrolytes such as 
tartrate and'oxalate (and acetate?). With citrate the polarogram is of a typical nature ; 
the current decreases first with increasing potential, remains constant for a certain 
range and then suddenly rises at about 0.95 volt.
iiii). Well-defined but irreversible waves are obtained with HCl, NH4CI, KCl + HCl 
and H 2SO4.
(iv). The anodic half-wave potential for the reaction Cr^^ + ©  = Cr^ "* is almost 
the same in every case and is just above — i.ovo lt. Low values are obtained for the 
anodic half-wave potential in presence of K 2SO4, H 2SO4+ K 2SO4, HAc, etc.
While the cathodic half-wave potential values are not changed very much and 
remainsi almost constant, the anodic potentials vary with the supporting electrolyte used. 
A perusal of column 2 of Table II  shows that, for the same concentrations E / 2  has got 
the lowest value (-v e )  in presence of potassium sulphate and highest with HCI (H2SO4 
and KCl standing next in order). It is therefore evident that the presence of hydrogen 
or chloride ions or both are essential for the better utility of chromous chloride as a
reducing agent, as is seen by the high negative values (anodic E/a) obtained in their 
presence, and the negative displacement of the half-wave potential is a measure of its 
greater reducing power.
In presence of ammonium chloride ^ E /2 is found to be still higher ( - 0.65) than 
that with HCI ( - 0 .63). It appears that ammonium ions have got greater influence than 
hydrogen ions in determining the role of chromous ions in oxidation-reduction reactions.
Thanks are due to Prof. M.O. Farooq for his keen interest in the progress of this 
work.
Chemicai, IvABORAroRiEs, R eceived January 14, 1959.
Musiim  Universityj Aligarh, U. P.
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E xplanato ry  note to  F ig  1.
C oncentration of Cr(III) =  1.146 m .m ol. and Cr(II) =  I m. m oI/litre . G elatine conc. = 0.005%. 
(Each curve shifted  to  th e  r ig h t by  4 d iv is io n s ; 1 d iv ision  = 0 .2  volt). P o larogram s w ith  
the follow ing e lec tro ly tes are shown :
1. 1 M-KCI 6 . 1 M -N H 4CI
2. 1 M -K.SO j 7. 1 JH-Pot c itra te
3. 1 M -HCl 8 . 1 M-Pot. ta r tra te
4. 1 M -H jSO , 9. 1 M-Pot, form ate
5. 0.5M-KC1 + 0.5 Af-HCl 10. 1 M-Pot. oxalate.
I>OLAROGRAPHlC STUDY OP THE BIURET-REACTIOJ^ OP.
MALONAMIDE
A. AZIZKHAN, WAHID U. MALlIi
keptiMed irom 'Current Science Septeitibei" 1959, 28^ 3Si-366
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Chromium (111) Complexes of Tetra Pptassium 
Molybdemim-octacyanide
' A number, of m etal complexes of te tra  potassium moiyb- 
denum octacyanide are known. I ts  complex formation w ith 
Chromium (III) has, however, escaped the attention  of wor­
kers in th is field. Unlike other m etal complexes, the product 
of the reaction is neither a precipitate nor colloidal in liature. 
On the other hand on mixing fairly concentrated solutions of 
th e  two reactants a slight change in colour takes place which 
' slowly develops in to  a  red one keeping for some time. In  
order to  stu d y  th is reaction, tetra-potassium  molybdenum 
octacyanide w a s  prepared as described by F ie s e r ? )  and the
■ stoength of its  solution determ ined potentiometrically^)
; against potassium  perm anganate. Chromic chloride solution 
V^was obtained by dissolving green A, R. crystals in doubly dis­
tilled w ater and strength  determ ined iodometrically®). The
. reactants each of concentration 0 02 M were mixed in the 
ratio , chromic chloride to  molybdocyanide as 2:18, 4 : 1 6 , . . .
: 16:,4 and ig :2  (the reaction vessels were w rapped w ith black 
^ gaper and m ixing was carried ou t in a dark  room to  avoid 
th e  decomposition of molybdocyanide by light). A fter about 
"two hours appreciable change in  colour was observable and
■ th is  developed in to  an  intense colour after about ten  hours.
. : Complex ion form ation was studied photom etrically by  
J o b ’s  method, using Hilger Spekker absorptiom eter. Blue 
filter No, 1 and 0 -2 5  cm cell were used throughout th e  measure­
m ents. The absorp tion , of light was measured a t different 
intervals of tim e for the mixtures, extending th e  measurements 
for a period of 48 hours. The results are given in Fig. 1.
A few. absorption studies, using DU Spectrophotom eter 
were also carried ou t to  get evidence for complexion formation. 
A tvjngsten lamp as th e  source of light and 1 cm Corex cell 
were used th roughout the measurem ents. Optical densities 
of the  various m ixtures after keeping them  for 48 hours were 
deternjined a t  47t) m|ji (wavelength for m aximum absorption 
of the m ixture). The values of the optical da  ysitu in  this case, 
wiere no t th e  same as found w ith Hilger absorptiom eter. The 
results w ith the instrum ent are given in  the table 1.
\  In  spite of the fact th a t sim ilar values could no t be obtained 
with th e  tw o instrum ents definite, evidence for the presence 
3f_a complex formed by th e  inter-action of chromic chloride
; . , Table 1
CrCls^ I 
;K,Mo(CN),») 
O. D. X 
O O II .























8 I 6 
1000 I  745
78 I 86 








a) Vol. of CrCla resp. KjMo(CN)s (0,02 M) in cm^. — C>. D. =  
Optical density X iO? of 1 mixt., I I  CrClj, III  K,Mo(CN)a.
an d  te t ra  po tassium  m olybdenum  octacyan ide  in  th e  ra tio  
1 ; 1 could be found on p lo ttin g  th e  above m entioned  values 
of op tica l densities against volum e of chrom ic chloride.
D iscu ss io n . F rom  th e  curves in Fig. l a  and 1 b  i t  could 
be seen th a t  th e re  is a t  least one com m on ra tio  (1 0 ; 10) for 
CrClj to  K 4Mo(CN)g where m axim um  absorp tion , a t  d ifferen t 
tim e  in tervals exists. T h is clearly  shows th e  fo rm atio n  of th e  
sto ich iom etic  com pound KCrMo(CN)g, according to  th e  
eq u atio n  CrCl^ +  KjMo{CN)s =  K C r Mo(CN)s +  3 KCl. P re li­
m in ary  w ork  on sp ec tropho tom etric  stud ies also p o in t to ­
w ards th e  fo rm ation  of such a com pound. Besides th is , th e
Fig. 1. O. D. of mixture minus sum of O. D. of the components 
against volume of CrCIj. I  after 1 hour, 2 after 2 , 5 3. ^ 8 , S 11 ,' 
S 24, 7 36, S after 48 hrs.
n a tu re  of th e  abso rp tio n  curves changes up  to  a  period  of 
e ig h t hours, m ax im a ex isting  for th e  ra tio  4 : 1 6  (Curves 2,
3, and  4) and also fo r 1 4 : 6  (Curve 3); readings tak e n  a fte r  
eleven hours, how ever, un iform ly  give th e  sam e m axim um .
T he above m entioned  resu lts  th ro w  lig h t on th e  com plex 
n a tu re  of th e  reac tion . F irs tly , i t  c an n o t be p u re ly  a sto ich io­
m etric  reac tio n  since com bining ra tio s  like 4 : 1 6  a n d  1 4 :6  are 
also observed besides th e  norm al ra tio  of 1 0 :1 0 .  Secondly, 
th e  developm ent of deep red  colour can n o t be  solely due to  
com plex ion fo rm ation  b u t  m ay  be due to  som e changes tak in g  
place in  th e  m olybdocyanide in  presence of chrom ic ions. In  
ou r view th e  reac tio n  be tw een  chrom ic-chloride and  te tra -  
po tassiu m  m olybdenum  octacyan ide  a t  o rd in ary  tem p e ra tu re  
m ay  be a com bined reac tio n  w here fo rm ation  of K C r Mo{CN)g 
as well as th e  decom position  (probab ly  hydro ly tic ) a re  tak in g  
place.
F u r th e r  w ork  is in progress.
A lig a rh  M u s l im  U n iv e rs ity , D ep a rtm en t o f C h e m istry , 
A lig a rh
W a h id  U. M a l ik  an d  S. I f t i k h a r  A li
Eingegangen am 25. Ju li 1959
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I n t r o d u c t io n «
T h e  question regarding the composition and structure of the compound 
formed by the addition of excess of KCN to Co (II) still remains in a contro­
versial state in spite of the large amount of work done on this problem. This 
paper describes our attempt in this direction, using potentiometric and polaro- 
graphic methods.
The preparation and properties of potassium cyanocobaltate (II) have 
been described by Descamp,^ Manchot and Herzog^ and Grube.® Grube 
obtained the complex by the electrolytic reduction of potassium cyano­
cobaltate (III) in alkaline medium and gave its oxidation potential as 
0-821 volt for a Co (III)/Co (II) ratio of 0-086 : 0-014 mole.
A large number of workers have studied the molecular formula of the 
compound. Amongst these workers mention may be made of Szego and 
Ostinelli,* Sartori,® Peters,® Lowry’ and Emelianova® whose investigations 
led to the formulation K 4 Co (CN)g; whereas evidences for the formation 
of a pentacyanide were obtained from the work of Monval and Paris,® Rupp 
and Pfenning,Edelman,^^ Muller and Schluttig^® and Glastone and Speck- 
man.i®
In recent years investigations on this complex using potentiometric, 
polarographic and radiochemical methods have been carried out by Tread­
well and Huber,Iguchi,^® Cremoux and Monval,^® Hume and Kolthoff^’’ 
and Adamson.i® Adamson, on the basis of exchange studies, observed that 
there was no conclusive evidence for the existence of hexacyanocobaltate (II) 
and that the available information did not distinguish between the two likely 
structures for the pentacyanide in solution, namely, [Co (CN)j HgO]®- and 
[Co (CN)s]®~. Smith and co-workers^® on the basis of titration curves and 
spectrophotometric data concluded that [Co(CN)4 (0 H)2]®“ and [Co (CN)6]^  
are formed in the early stages of oxidation of the compound.
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E xperim ental
The method recommended by Smith and co-workers^® was followed for 
the preparation of the complex. The dried substance was then analysed 
for Co, K and CN, and the water content was determined by subtracting 
the total percent of the constituents from hundred.
Estimation o f  cobalt.—Cobalt was estimated volumetrically by potassium 
cobaltinitrite method.®’ The complex was broken by digesting with con­
centrated H2SO4 and this solution was also used for the estimation of K,
Estimation o f  potassium .—Potassium was estimated by cobaltinitrite 
method^i and checked by colorimetric method using Lange’s Flame Photo­
meter. The results were found to be in good agreement.
Estimation o f  C N .—Kjeldahl’s method combined with Cohnann method 
as recommended by Smith, Kleinberg and Griswold,^® with slight modifica­
tions, was followed for the estimation of CN.
From the percentage of the constituents, the empirical formula was 
calculated as below:
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Constituent Percentage Equivalent Ratio
Co 17-81 0-3021 1-0
K 36-66 0-9376 3-103
CN 40-05 1-5400 5-098
H 2O 5-48 0-3045 1-008
Hence the empirical formula may be written as K3C0  (CIsOgHaO (-f 0-1 
KCN) which means that the complex has got the composition K3C0  (QSOg 
HgO and it contains about 0-1 mole of KCN adsorbed per mole of the com­
plex. This adsorption of KCN can be quite realised since the complex 
was precipitated from a solution containing excess of KCN.
The equivalent weight of the complex was determined as follows: 
20-0 c.c. of 0-1 N  K3Fe(CN)g was mixed with 5-0 c.c. of 0-1 N  KCN 
. and an accurately weighed amount (0-3307 gm.) of the complex was added 
to  it. The complex reduced the ferri- to ferrocyanide and the excess of ferri- 
cyanide was estimated by the method of Muller and D iefenthaler.s^  The 
equivalent weight then calculated was found to be 322-5 almost in agreement
with the empirical formula weight (324) calculated on the basis of analytical 
data.
The composition of the complex was also determined by carrying out 
amperometric and potentiometric titrations between cobalt nitrate and 
potassium cyanide solutions. Amperometric titrations were carried out at 
2 ± 0 - r C .  with KCl (0-5M) as supporting electrolyte and gelatine 
(0'005%) as maximum suppressor, at a potential of — 1-25 volts (determined 
from the polarogram of cobalt nitrate solution, taken under identical condi­
tions). Some of the readings for direct and reverse titrations are summarised 
in the following table and the curves are given in Fig. 1. A Fisher elec- 
tropode with an external Multiflex-galvanometer (type M GF2) was used 
for the experiments.
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Vol. of Co (II) 
soln.






(a) Direct titrations [Co (II) in the cell]
25 c.c. 0-010 M 2-55 c.c. 0-5 M 1:5
25 c.c. 0-005 M 1-25 c.c. 0-5 M 1:5
{b) Reverse titrations (KCN in the cell)
1 - 0  c.c. 0-1 M 25c.c. 0-02 M 1:5
2 - 1  c.c. 0-1 M 25 c.c. 0-04 M 1:5
In the case of direct titrations, two breaks were obtained {vide Fig. 1 a) after 
the addition of 2 and 5 equivalents of KCN respectively.
Potentiometric titrations also gave two breaks {vide Fig. 2), the first 
appearing due to the formation of Co(CN)2- The results for the second 







Vol. of KCN 




0-01 M 25 c.c. 0-5 M 127-3 c.c. 1:5
0-02 M 25 c.c. 0-5 M 126-3 c.c. 1:5
0-01 M 25 c.c. 0-25 M 127-5 c.c. 1:5
0-02 M 25 c.c. 0-25 M 126-9 c.c. 1:5
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^ 5
F ig . 1. A m perom etric titra tions.
F ig . 2. Potenticm etric  titra ticn  curvcs.
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at zero current and the great difference between the anodic and cathodic half" 
wave potentials.
F ig . 4. Polarogram of the hydroxocompound [Hydroxopenta-cyanocobaltate (III)].
D is c u s s io n
The results on chemical analysis, amperometry and potentiometry of 
the complex lead to interesting conclusions regarding its composition and 
structure. Not only ample evidence is available to show that five molecules 
of potassium cyanide react with one mole of Co (II), but some insight into 
the problem whether the complex is penta- or hexa- co-ordinated, has been 
achieved. No doubt that the method of chemical analysis fails to provide 
a clear answer to the structural complexity of the compound, yet it can be 
seen that the product formed by the interaction of KCN and Co (II) has 
got the empirical formula K3Co(CN)5 HaO (with about 0-1 KCN adsorbed 
per mole). The equivalent weight of the compound was found to be 322-5 
which closely agrees with the value calculated for KgCo (ClSQs H2O. The 
potentiometric and amperometric titrations also show that the complex is 
a pentacyanide but no information regarding its co-ordination (penta or 
hexa) is obtained from these methods.
The polarographic studies also give results of considerable value. It 
has been found that the freshly prepared complex gives a clear anodic wave 
with E i — 0-35 volt. This wave cannot be merely due to the small amount 
of RCN present in the solution since it is suppressed to a great extent on
oxidising the complex with H2O2. From this fact it can be safely concluded 
that the presence of the pentacyanocobaltate (II) contributes mostly for the 
appearance of the anodic wave. It is worthwhile to mention that Hume 
and Kolthoflf could not get an anodic wave for the complex since they studied 
the polarogram in i M KCN at the potential of — 0-8 volt and onward.
A better insight into the structure of the complex is obtained 
from the fact that the oxidised product (yide supra) is irreversib 
reduced at the d.m.e. at a potential of — 1-3 volts {vide Fig. 3). A simiL. 
polarogram was obtained by us for the hydroxocompound prepared by the 
method of Smith and co-workers, again with E i  — 1-3 volts. This goes to 
prove that the product is hydroxopentacyanocobaltate (III). Moreover a 
cathodic wave either with KCN or KCl as supporting electrolyte was not 
observed for the hexacyanide obtained by boiling the hydroxocompound. 
From these ob> ervations it is evident that the original product formed by the 
addition of KCN to Co (N0 g)2 is K3 [Co (CN)5 HgO] which is oxidised 
in solution to K3 [Co (CN)s OH] and not K3 [Co (CN)e].
Further confirmation could be r '  ained when the product in the air­
tight cell obtained after the potentiometric titration was immediately oxi­
dised with a few c.c. of H2O2 and titrated against 0 -1 N  HCl (u ing a Beckman 
pH meter with glass and calomel electrodes). Two distinct breaks, in agree­
ment with the observations of Smith and co-workers, were obtained. Their 
assumption that the hydroxocomplex undergoes a change:
2 K3 [Co (CN>6 OH] K3 [Co (CN)4 (0 H)2] +  K , [Co (CN)^] 
incidentally finds support by these experiments.
To account for the instability of Co (II) cyanide complex, Pauling^® 
suggested that in order to free two d  orbitals for complex formation, the 
seventh d  electron in the cobalt (II) ion is promoted to a higher energy level 
where it is easily lost to give the Co (III) complex. This explanation has 
been criticised on the following grounds. Firstly because the hydrated 
Co (III) ion is also diamagnetic and thus it should have a little tendency to 
pick up an unshared electron in the excited level and change over to Co (II). 
But this change is contrary to experimental facts. Secondly, Adamson {loc. 
cit.) on the basis of exchange reactions with radiocyanide has given K3C0 
(CN)s as the formula of the complex. This formula involves a co-ordina­
tion number five with 3 d ^ 4 s ^ 4 p ^  hybridisation, which at the same time elimi­
nates the necessity for the promotion of the electron to higher energy level.
The existen(e of cobalt cyanide complex with a co-ordination number 
five is not also theoretically sound. This number is the least likely to exist
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in a compound with such strongly bound CM groups. Complexes showing 
such abnormal co-ordination number not only differ in the nature of linkages 
but also have been found to exist as tetra-co-ordinated and hexa-co-ordinated 
ions.^-2® Amongst these include IF5 ; PBrj; PCl5 (CH3)3 Sb CI2 ; CS3C0 CI5, 
etc. KimbalP® gave trigonal pyramid, tetragonal pyramid  ^ pentagonal plane 
and pentagonal pyramid configurations for these compounds. On the basis 
of Pauling’s original theory, a planar configuration is most likely for ions 
having one d  orbital available for bond formation. Moreover, compounds 
in which the central atoms appear to be five co-ordinated in solid state, dis­
sociation takes place in solution. For example, CsgCoClg has been shown 
to be made up of tetrahedral tetrachlorocobaltate (II) ion and Cs+ and Cl~ 
ions.®i
The magnetic behaviour of the complex is also baffling. The solid has 
been reported to be diamagnetic,^ while it actually should show paramag­
netism. On the other hand, the solution is paramagentic showing that it 
contains unpaired electron. Equally interesting is the behaviour in the case 
of Co (III) complexes which show 3 4 4 hybridisation and should
be diamagnetic. That this is not tht .::se has been demonstrated by Cambi, 
Ferrari and Nardelli^^ for a number of hexanitrocobaltate (II) complexes. 
The appreciable paramagnetism of these compounds suggests contribution 
from incompletely quenched orbitals although for ions of transitional ele­
ments, orbital angular momentum should be negligible. From the above, 
it is thus evident that magnetic measurements fail to give an idea concerning 
orbital hybridisation, degree of covalent character and probable structure 
for a large majority of cobalt complexes, including of course, cyanogen 
complexes.
Our experimental results on the physico-chemical investigations on 
Co (II) cyanide complex definitely show that five CN radicals are bound to 
the central atom and further suggest that the co-ordination number six is 
maintained by co-ordinating with a water molecule. This behaviour can be 
explained if we assume that pairing of odd electrons in Co (II) occurs by
=  H ^
dimer formation, through a water bridge as (CN)gCo—O—Co(CN)5-H2 0 ,
H
the second HgO being lattice bound. Similar explanation has been put for­
ward for silver pentacyanocobaltate (III) which in the hydrated form was 
diamagnetic. .
From the above consideration it may, therefore, be concluded that the 
cyanocobaltate (II) exists in a hexacovalent state both as a solid and in solu­
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tion. In the solid form, the aquopentacyanocobaltate (II) is stable only when 
air and moisture are excluded, but it is readily converted to the hexa-co- 
ordinated hydroxopentacyanocobaltate (III) when, brought in solution. The 
latter product undergoes a gradual change—
2 K3 [Co (CN)s OH] K3 [Co (CN)4  (OH)^] +  K3 [Co (CN)e]
On prolonged standing or on boiling, the hexacyanocobaltate (III) is the 
final product of oxidation.
Thanks are due to Prof. M. O. Farooq for his keen interest in the pro­
gress of this work.
S u m m a r y
An approach to the problem of the composition and structure of potas­
sium cyanocobaltate (II) has been made. The complex prepared by the inter­
action of Co (II) and KCN gave, on analysis, a compound with the formula 
K3Co(CN)4H2 0  (with about 0 - l M K C N  adsorbed per mole). Potentio- 
metric and amperometric titrations carried out between cobalt (II) nitrate- 
and potassium cyanide gave support to the formation of a pentacyanocobal- 
tate (II) but failed to give an insight into the structure of the complex. 
Polarographic studies, however, were found useful in deciding whether the 
complex is hexa- or penta-co-ordinated. The freshly prepared complex 
gave an anodic wave with — 0-35 volt. This is due to pentacyano- 
cobaltate (II), since the anodic wave i^  suppressed and finally eliminated by 
oxidising the compound with HaOg. The oxidised product was found to 
be irreversibly reduced at the dropping mercury electrode (d.m.e.) at a 
potential of — 1-3 volts. That the product is hydroxopentacyano-cobaltate 
(III) could be seen by getting identical polarograms for the oxidised product 
and for a sample of the hydroxocompound. From these experiments it has 
been concluded that the original complex is a hexaco-ordinated compound 
with the formula Kg [Co (CN)4 .H 2 0 ] and it gets oxidised to JtCg [Co (CN)sOH] 
K3 [Co (CN)s.OH] and finally to Kg [Co (CN)4] on long standing or on boil­
ing. It appears that either five cyanogen radicals are bound to the central 
atom and the co-ordination number six is maintained by co-ordinating with 
a water molecule, or a dimer through a water bridge as
H ^
(CN)5 Co—O—Co(CN)s-H2 0  is formed.
H
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PO LA RO G RA PH IC STU D IES O F TH E  BIURET REACTION OF SERINE
by
A. A. KHA N  and W. U. M ALIK 
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B o t h  isoserine and serine are known to give 
the biuret test with copper ions Tom ita, 
1926, 1931,). A lthough many investigations 
to elucidate the structure o f the copper 
complexes o f amino acids by electrometric 
and photom etric methods have been carried
out in recent years, no attem pt appears to 
have been made to study the biuret reaction 
o f serine or isoserine by these methods. 
This communication deals with our work 
on the polarography o f the biuret reaction 
of serine with copper sulphate.
E X P E R IM E N TA L
C o p p e r  sulphate (A.R.) and Serine (B.D.H.) 
were used for preparing the solutions. 
Copper sulphate solution of concentration 
0-02M was prepared which was diluted to 
give 1 -0 millimolar solution for these studies. 
Serine solution (0-5M) was prepared by 
dissolving the acid in an equivalent am ount 
o f sodium hydroxide solution and was then 
diluted with a particular phosphate buffer 
solution (used as supporting electrolyte) 
to  give solutions o f concentration O-IOOM, 
0-075M, 0-050M, 0-040M, 0-030M, and 
0 020M. Phosphate buffers (H.T.S. Britton, 
Hydrogen ions, 1932, p. 223) o f pH  11-0, 
11-4, 11-6, 11-8 and 12-0, were prepared 
by mixing the varying am ounts o f 0-15M 
disodium hydrogen phosphate (A.R.) and 
O-ION sodium hydroxide solutions. The 
values were checked with a Beckman pH- 
meter model G with E. type glass electrode.
Current voltage measurements were made 
using the Fisher Electropode in conjunction 
with a multifiex galvanometer type M GF2.
The inert atm osphere in the cell was main­
tained by bubbling nitrogen after passing it 
through chromous chloride and water. 
Methyl red o f concentration 0-001% was 
used as a maximum suppressor. All measure­
ments were carried out at 3 5 ± 0 - r .
Am perom etric titrations between copper 
sulphate (0-02M) and serine o f concentration 
0-004M, -0025M and 0-0015M were also 
carried out at pH  12 -0. Since the amount of 
copper sulphate used for these titrations was 
large enough to change the pH  o f the serine 
solution, the requisite pH  was maintained 
by adding calculated am ounts o f 0-04M 
sodium hydroxide solution.
Polarography of thirty mixtures was 
carried out. The results are summarized in 
the table given below. Typical curves are 
shown in Fig. la  (polarogram  for the full 
range o f potential applied) Fig. lb  (main 
portion o f the curve for determining Ej) 
and Fig. 2 (curves for am perom etric titra­
tions).
TABLE













O-IOOM 0-410 0-395 0-385 0-380 0-365
0-075M 0-405 0-390 0-380 0-375 0-360
0-050M 0-395 0-385 0-370 0-365 0-350
0-040M 0-390 0-375 0-365 0-355 0-345
0-030M 0-380 0-365 0-360 0-350 0-355
0-020M 0-370 0-355 0-350 0-340 0-325
Fig. la . 1. 1 0  M illim olar C uS04  in O IM  Serine Soln. at pH  12'0.
2. O IM  Serine Soln. a t pH 12 0.
V o l t a g e  (
Fig. lb. r o  M illim olar C uS 0 4  in Serine Soln.
I—O'lM. 2—0-075, 3—0-050, 4—0040, 5—0030, 6 - 0'020, at pH l |- 6 .
DJSCUSSION
F ro m  the nature o f the polarographic curves 
(Fig, 1) it can be seen that the serine-copper 
complex is reducible at the dropping mer­
cury electrode. The reduction is reversible 
(as tested by Tomes m ethod—J. Tomes, 
1937,) and that it proceeds with one electron 
transfer only. From these studies it can be 
further concluded that one molecule of 
serine combines with one atom  of copper. 
This is evident from the plots o f Ej vs.— 
log. conc., o f serine (Fig. 3).
Ordinarily in the pH  range 7-0—8-5 one 
copper atom forms complex with two mole­
cules of serine (Li & Doody, 1952). Our 
results in the pH range 11-0 to 12-0, how­
ever, show that the hydroxyl group plays an 
im portant role in this reaction. In the pH  
range 7-0 to 8-5 the COOH group is effective 
in bringing about co-ordination but as the 
pH  is raised (II — 12) the OH group ionizes 
to give the proton thereby donating an 
electron to the copper atom . Since the plot 
o f Ej against pH  gives a straight line 
(Fig. 4) with a slope o f 0-050 it can be in­
ferred that only one hydroxyl group takes
Fig. 2. 1. 20 cc. o f 0-004M Serine Soln.
2. 20 cc. o f  0 0025M  Serine Soln.
3. 20 cc. o f  0 C015M Serine Soln.
Ejt (iw VocTs)
Fig. 3
part in the complex formation. The struc­




These results are in agreement with our 
polarographic studies on the biuret complex 
(Naturwiss. In press) where one biuret 
molecule combines with one copper to give 








It has been found that values in this 
case are very close to those found for the 
copper-biuret complex.
Further confirmation of the fact that 
complex ion formation, in the pH range 
1! — 12, takes place by the interaction of one 
molecule o f serine with one atom of copper, 
is obtainable from am perom etric titrations. 
On adding CuS04 to serine solution (pH 12-0) 
the current increases linearly as the reducible
0-30 0  34- 0 3 8  040
Ej^ (ImV/olts)
Fig. 4
violet complex is formed and after the 
attainm ent o f the end point, the current 
starts decreasing very slowly. On drawing 
tangents to the loop the ratio o f the reactants 
was found to be 1:1. As regards these 
titrations it may be added that satisfactory 
results were not obatined on using a higher 
concentration o f serine (0-004M upwards).
Further work on the polarography of 
amides, peptides and on some complex 
proteins is in progress.
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INTERACTION OF CHROMIC IONS W ITH  AMINO-ACIDS 
SPECTROPHOTOMETRIC STUDIES OF CHROMIUM III  
COMPLEXES OF LYSINE, LEUCINE AND ASPARTIC
ACID
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IN T E R A C T IO N  O F C H R O M IC  IO N S  W IT H  A M IN O -A C ID S  : 
S PE C T R O P H O T O M E T R IC  S T U D IE S  O F C H R O M IU M  I I I  C O M P L E X E S  OF  
L Y S IN E , L E U C IN E  A ND  A SP A R T IC  A C ID
C h r o m i c  ions do not readily undergo complex 
ion formation with amino-acids. The reaction 
is  slow  and the colour develops either on boiling 
or aging ; the reaction is also reported to take 
place in  alkaline medium. Most of the work 
done on such compounds is of analytical 
nature^-® and physical methods have rarely 
been employed. This conununication deals with 
oiir spectrophotometric studies on the interaction 
of chromic chloride with lysine, leucine and 
aspartic acid.
Chromic-chloride A.R. (Green) was dissolved 
in  doubly distilled water and the strength 
determined volimietrically.^ Solutions of desired 
strength (0-04, 0-02, 0-0133) were prepared 
from the stock solution. Amino-acid solutions 
were prepared from E. Merck reagent grade 
samples. Job’s method of continuous variation 
was employed for these studies. The mixtures 
were kept on a water-bath for about two  
hours (tim e of completion of reaction at 88° 
as observed from constant absorption value was 
found to be 52-60 minutes by separate experi­
m ents). Optical densities were measured using 
Beckman D.U. Spectrophotometer with the 
photomultiplier at sensitivity I, the source of 
light was a tungsten lamp. Cells used were 
Corex ones (1 cm .). For the selection of w ave­
length the solutions were m ixed in the ratio 
1 :1 , 1 : 2 ,  1:  3,1 : 4, 1 : 5  and 1;. 6. The 
maximum absorption took place between wave­
lengths 565 and 555 im  for the ratios 1 : 2,
1: 3, 1: 4, 1: 5 and 1 : 6 and at 580 ni« for the 
ratio 1 : 1 except in  case of aspartic acid where 
maximum absorption for all ratios occurred 
between 555 and 565 mj“. Since the maximum  
absorption for the different ratios of amino- 
acids ranged between narrow limits Vosberg’s 
method® could not be applied and a mean wave­
length of 560 rcm was selected for carrying out 
the measurements. In ail twenty-eight experi­
ments were performed. Some of the curves 
(only for lysine) (vol. of CrClg vs. difference 
of O.Ds. of the m ixture and CrCls) are shown 
in  Fig. 1. From the curves it was found th a t:
Fig, 1
C u rv e  1. 0-04 CrCla : 0*04 Lysine.
C u rv e  2. 0-02 CrCU : 0-02 Lysine*
C u rv e  3. 0-0133 CrCls : 0-0133 Lysine.
(i) For the concentration 0-04M, leucine 
and lysine form complexes in  the molai 
ratio (CrClg; amino-acids) 1 ; 3 whil* 
for the concentration 0 0133M the ratic 
is  1 : 2  and for concentration 0 -0 2 W 
the ratio for lysine (II) is 1 : 2 and tha1 
for leucine (I) is  1 : 3.
(ii) For concentrations 0-02 M and 0-0133IVJ 
aspartic acid forms complex (III) in  the 
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Summary
Copper asparagine complexes were found to  be reducible reversibly a t  the 
dropping m ercury electrode. Studies were carried out in the p H  range 7.2 to 
12.04. Two asparagine molecules were found to  combine w ith one atom  of copper 
a t  pH s  11 while for higher pH  ranges only one molecule was found to  combine 
w ith one atom  of copper. F orm ation  constan t for the complexes a t  different pH  
values have been calculated and structures assigned. The possibility ofasparagine 
to  give a b iuret reaction has been p u t forward.
Asparagine complexes of metal ions, viz., alkaline earth  cations 
including radium have been studied by Sch tjbeet^  employing ion 
exchange technique. C. T an fobd  and W illiam  S. Shobe^ investigated 
cobalt complexes by B jeebum s method. Very little however seems 
to have been done to investigate its copper complexes using electro- 
metric methods.
Since in our earlier work polarographic methods could be success­
fully employed to study the composition of copper complexes of 
biuret^, malonamide^ and serine®, it was thought worthwhile to
 ^ J a c k  S c h u b e b t ,  J .  Amer. chem. Soc. 76 (1954) 3442.
2 C. T a n f o b d  and W i l l i a m  S. S h o b e , J . Amer. chem. Soc. 7 5  (1953) 816.
 ^ A .  A z i z  K h a n  and W a h i d  U. M a l i k , N aturw issenschaften 46 (1959) 378.
* A . A z i z  K h a n  and W a h i d  U. M a l i k ,  Current Sci. 28 (1959) 364.
A . A z iz  K h a n  and W a h i d  U. M a l i k , J .  Polarographic Society, U .K . 
(No. 2, 1959).
extend this technique to copper complexes of asparagine, which 
besides being an amino acid, possesses an amide group in the ,5-position 
and is thus expected to  give reaction similar to  those of biuret ®.
Experimental
Z-Asparagine (E. Merck) and copper sulpliate (A. R.) were used for 
the preparation of solutions. Phosphate buffers’ (also used as support­
ing electrolytes) were prepared from disodium hydrogen phosphate 
(A. R.) and recrystallized sodium dihydrogen phosphate. Methyl red 
(0.0 0 1%) was used as the maximum suppressor.
Polarographic measurements were carried out using a F is h e r  
Electropode with the Multiflex Galvanometer (MGF2 ) in the external 
circuit. The tem perature was m aintained a t 35 ±  0 .1 °. Polarograms 
were taken in buffers of p H  ranging between 7,2 and 12.04. Asparagine 
of concentrations 0.1 M, 0.083 M, 0.066 M, 0.05 M, and 0,033 M was 
used for each of the different buffers employed in these experiments. 
p H  measurements were made with B e c k m a n  p H  m eter model G 
using a general u tility  B e c k m a n  glass electrode for p H  values upto 10 
and a B ec k m a n  E  glass electrode for higher p H  values.
As a whole sixty four polarograms were studied. Typical polaro­
grams are shown in Fig. 1 and 2 .
Results and Discussion
Polarograms (Fig. 1 and 2) in different p H  media show th a t the 
reduction of the cupric asparagine complex is reversible a t the drop­
ping mercury electrode with transfer of two electrons as the values of 
(T om es method) * were found to  be 0.030.
The equation for the dissociation of the copper asparagine complex 
can be w ritten as
C u  +  2 e ^ C u  +  p A ~
where A ~  denotes the asparagine ion. The half wave potential for 
such a system is given by the equation®.
„  „  I 0.0591 , Kl;^  0.0591 , ^
E.j, =  Eo +  — 2— l o g ^  -  p  — 2— log
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®H. S c H i r r ,  A nn, 236 (1898) 299.
’ H . T . S. BBiTTOisr, H y d ro g en  ions (1932) p . 223.
* J .  T o m e s ,  C ollect, czechoslov. chem . C om m un. 9 (1937) 12, 81, 150.
® I .  M. Kolthoit a n d  J .  I .  Lingane, P o la ro g ra p h y  Vol. I  (1952) p . 213.
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where standard potential for the half reaction taking place
a t the electrode, p  is the num ber of asparagine molecules combined 
with one atom  of copper, is the concentration of the amino acid, 
K  is the equilibrium constant and and are proportional to the 
square roots of the diffusion coefficients of the m etal in amalgam and 









































On plotting a graph between values and —log concentration 
of asparagine (Fig. 3) the num ber of asparagine molecules combining 
with one atom  of copper was found to be two for buffers with p H  
values lower than  11  and one for those of higher p H  range, thereby 
indicating the formation of two different complexes.
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Fig. 3. Concentration function of ha lf wave poten tia l (Upper scale for p H  7.2,
lower scale for p H  >  10)
The formation constants of the complexes could be determined 
with the help of the following equations p u t forward by Li and 
D oody ®^.
i) pK^ - p H  > 1  { E J ,  -  (E^iX
=  p  0.0296 {pK^ —  pH ) —  0.0296 log K ^ - p  0.0296 log ,
where and half wave potentials for the complex
ion and the simple m etal ion respectively, is the second dissoci­
ation constant of the amino acid and K j  is the concentration formation 
constant of the complex
ii) pK^ ~~pH < \  (E ,,X  —  {E yX
=  p  0.0296 [pK^— p { K ^ + H + ) ] — 0.029QlogKf— p 0.029&log ,
where (7  ^ denotes the to ta l concentration of the amino acid—undisso­
ciated acid plus asparagine ion.
N. C. L i and  E . D o d d y , J .  Amer. chem. Soc. 72 (1950) 1891; ibid. 74 
(1952) 4184; ibid. 76 (1954) 221.
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The values of calculated from the above equations and 
values vs. saturated calomel alectrolde a t different p H  are tabulated 
below :
Concentration of copper su lp h a te : 0.002 M 
C oncentration of asparag ine : 0.10 M
t'U =  1.778 m g s e c - V »
jjH  7.20 -  8.40 -  8.70 — 9.10 -  9.45 -1 0 .9 7  -1 1 .3 0  -1 1 .5
—11.7 —12.04
E”./, (Volts) 0 .2 5 0 - 0 .2 9 0 - 0 .315^ 0 .3 3 0 - 0 .3 4 0 - 0 .3 4 5 - 0 .3 5 5 - 0.365
-  0 .3 7 5 - 0.375
p K , 11.06 —12.76 —13.59 —13.58 —13.88 —14.10 —12.50 —12.90
-1 3 .6 0  —13.60
From the values of it is clear th a t the stability of the complex 
(formed below p H  11) increases with the increase in p H  b u t when the 
formation of the bluish violet biuret complex sets in (pH  11.0) a 
sudden decrease in the value is observed. Also the pK^ values for the 
former reaction are similar with those for glycine and j9-alanine com­
plexes of copper as found by Li and DoodyI® and hence coordination 
both with the —NH^  ^ and —C00~  groups should be possible in this 
case. The complex may be represented as
NH„ -  CO -  GH„ -  OH -  GOO 0 0 0  -  OH -  CH„ - C O -  N H ,
NH, ---- Cu < -  GH
As regards the structure of the complex formed in the higher p H  range 
it can be represented as
N H .~ C O -C H ,--G H ~ -GOO
 ^/  
Gu
OH
Here the results are in accordance with those observed for serine®.
R e pr in t e d  vrom
PROCEEDINGS OF THE SYMPOSIUM ON THE 
CHEMISTRY OF CO-ORDINATION COMPOUNDS, AGRA (1959) 
P a r t  II, pp. 135—146
THE PROBLEM OF THE COMPOSITION AND STRUCTURE 
OF POTASSIUM CYANO^OBALTATE (II) *
K. M. Ababacker m d  Wahid U. MaUk




cither in solid torth or ai a re&ionably stable spjcies in solution. Tbe most stable 
cyanide complex contams five CN per cobalt and is covaleutly bunded. The 
information presently available does not unfortunately distinguish between the two 
most like'y structures for the pentacyanide ia solution, namely, hexa-co-ordinated 
Co[(CN)jHgO]** and pentacoordinated [Go (CNjs]®" ion.”
Smith and co-workers*® studied the oxidation product KsGoCCN), (assuming 
the formula of cyanocobaltate (II) as K,Co(GN)5). They obtained a diamagnetic 
product having the composition Kg[Co(GN'jOH]. On the basis of titration curves 
and spectrophotometric data they concluded that [Go(GN),(OH)2]*~ and [Go(GN),]*» 
are formed in early stages during oxidation.
EXPERIMENTAL
The method recommended by Smith and coworkers”  was followed for the 
preparation of the complex. The dried substance was then analysed for Co, K, and 
CN and the water content was determined by subtracting the total % of the 
constituents from hundred, since other methods failed due to the unstabilitV of the 
complex.
Estimation of Cobalt Cobalt was estimated volumtrically by potassium 
cobaltinitrite method". The complex was broken by digesting with conc. H,SO< 
and this solution was also used for the estimation of K.
Estimation of Potassium ;—Potassium was estimated by cobaltinitrite method*  ^
and checked by colorimetric method using Lange’s Flame Photometer. The results 
were found to be in good agreement.
Estimation of CJV;—Kjeldahl's method combined with Colman method as 
recommended by Smith, Kleinberg and Griswold^*, with slight modifications, was 
followed for the estimation of CI .^
From the percentage of the constituents, the empirical formula was calculated 
as below.
Constituent Percentage Equivalent Ratio
Co 17-81 0-3021 1 0
K 36-66 0-9376 3-103
CN 40-05 J-5400 5-098
H ,0 5-48 0 3045 1-008
Hence the empirical formula may be written as KjGofCN.'s H,0.0*1 KGN which 
means that the complex has got the composition KgGoCGN) !^!*© and it contains 
about 0* 1 mole of KGN adsorbed per mole of the complex. This adsorption of 
KGN can be quite realised since the complex was precipitated from a solution 
containing excess of KGN.
The equivalent weight of the complex was determined as follows: ?0‘0 g c  of 
0*1 N K3pe(GN)e was mixed with 5'0 cc of 0‘ 1 N KGN and an accurately weighed
(I HO I
amount (0*3307 gm) of the complex was added to it- The complcx reduced the 
ferri to ferrocyanide and the excess of ferricyanide was estimated by the method of 
Muller and Diefenthaler**. The equivalent weight then calculated was found to 
322*5 almost in agreement with the empirical formula weight (324) calculated on the 
basis of analytical data.
The composition of the complex was also determined by carrying out 
amperometric and potentiometric titrations between cobalt nitrate and potassium 
cyanide solutions. Amperometric titrations were carried out with KGl as supporting 
electrolyte and gelatin (0’005 %) as maximum suppressor, at a potential of- T25 
volts (determined from the polarogram of cobalt nitrate solution, taken under 
identical conditions). Some of the readings for direct and reverse titrations are 
tuDunarised below, and the curves shown in fig. 1.
Fig. la. Amperomttri* Titra­
tion (Direct) 25*0 cc. 
O-OIM Cto(NO.).xO-5M 
KCN.
lb. Arnperomtrit Titration 
{Rtoerst) 25c.c. 0*04 M 
KCN X 0-lM Go(NO,),
Vol. of Co (II) Gone, of Vol. of KCN Strength Ratio
solution Go(II) soln. solution ofKGN Go(II): KGN
Dirett titratiens-{Co{U] in th« tell).
25 cc 0*01 M







Revtrse titrations-{KCN in the cell).
1-0 cc 0-1 M







In the case of direct titrations two breaks were obtained (vide fig. I a) after 
the addition of 2 and 3 equivalents of KGN respectively.
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Potcntlometric titrations also give two breaks (vide fig. II) the first appearing 
due to the formation of Go(GN)a. The results for the record break are summarised 
below:
Strength of Vol. of Strength of Vol. of KCN in Prob
Co(ll) Soln Co(II) soln. KCN. the same molar 
concentration.
ratio
O-Ol M 25 cc 0-5 M 127-3 cc 1:5
0-02 M 25 ae 0-5 M 126*3 cc 1:5
0-&1 M 25 ce 0-25 M 127-5 cc k:5
0-02 M 25 cc 025 M 126 9 cc 1:5
The anodic wave of the pentacyano complex ;—
The solution of the cyanocomplex obtained after the direct amperometric 
titration was used directly for the study of the nature of its anodic wave. Curves of 
the type shown in fig. I l l  a were obtained, with the anodic half wave potential of 
0‘35 V. The cathodic part of the wave (wth E/2 =>= —1'3 v) shows that some of the 
solution had been oxidised (inspite of all the precautions taken to prevent that) and 
this oxidised product undergoes reduction at the d. m. electrode. In order to verify 
this portion of the wave, readings were taken after oxidising part of the complex by 
the addition »of HjOj and curves of the type shown in fig. III6,« were obtained. 
Experiments were performed with different concentrations of the complex and some 
of the readings are given in Tables I and II.
■g. II. Potentiometric Tit­
ration 25c.c. O’OIM Co 
(N08)s X 0-5M KCN
Fig. III. Anodic Wave oj 
Cyanocobaltate (II)
(a) Polarogram for cyanco- 
baltate (II)
{b) Sl (c) Polarogram for 
cyanocobaltate after 
additions of HjOg 
(d) Polaragram of the com­
plex after complete 
oxidation with HjO .^
( H2 J
1b order to rtiwiy the identity of this oj^ised product and of bydroxopeata 
cyanxic^altate (Ill)»the latter was prepared by the metliod ftdlowed by Smith and 
covforkers** aad its poiarogram was taken under identical conditions (fig. IIIJ) (II).
Fr<»n the curves it i»seen that by the addition of H^Qs, the pentacyanocobaltate 
(II) wave potential. Moreover it cannot be heiutcyaoide since this compoand did not 
give any wave either with KGN or KG I as supporting electrolytes. From these 
observadoiis it might be concluded that the original product ibrmed by the addition 
of KGN to Go(I1) is K* [Go(GN)5HjO] which is oxidised in solution to 
K, [Qo(GN)aOH}. Results of similar nature were obtained when the product in 
dl^,»ir t i ^  cdl obtained after the potentiomctric titration was immediately (»u(^ed 
with a few cc of HjO* and titrated against -0*1N HGl (using a Beckman pH meter 
with glass and calomel electrodes). Two distinct breaks in agreement with the 
observatV)ss of Smith and coworkers (lee. «t^ ) were obtained their assumption that 
the hydroxocomplex undergoes a change
2K3[Go(CN),OH1 Ks[Go(CN),(OH),] +K,[Go(GN)j] 
incidentally finds further support by these experiments.
To account for the instability ofCo(II) cyanide complex, Pauling** suggested 
that in order to free two d orbitals for aomplex formation, the seventh d electrcm in 
the cobalt (II) ion is promoted to a higher energy level where it is easily lost to 
give the Co(III) complex. This explanation has been criticised on the following 
grounds. Fivstly because the hydrated Go(III) ion is also diaaiagentic, hence like the 
 ^ cyanide, it should have a little tendency to pick up an unshared electron in the 
' excited level and change over to Oo(II). Hut this is contrary to facts. Secondly, 
Adamson (lot. tit) on the basis of exchange reactions with radioeyanide has given 
K, Go(GN)6 as the formula of the complex. This involves a co-ordination no five 
and a 3d^  4s* 4j>* hybridisation, and the necessity to free the sixth orbital by 
promotion of an electron is eliminated. The existence of cobalt cyanide complex 
with a coordination number five is not also theoreticallysound. This member is the 
least likely to exist in a compotind with such strongly bond GN groups. Gomjdexes 
showing thu abnormal coordination number really differ in the nature of linkages 
(probably ionic) or have been found to exist as tetra co-ordinated and hexa coordinated 
ions**-**. Amongst these include IF,; PBr,; Pel*; (GH,)# S6 Gl*; Gs, Ca Gl, etc. 
Kimball*® gave trigonal pyramid, tetragonal pyramid, pentagonal flame and 
pentagonal pyramid configurations for these compounds. On the basis of Pauling’s 
orginal theory, a planar configuration is most likely for ions having one d orbital 
available for bond formation, although Duffey** has extended the tudy of 
bipyramidal structure in order to calculate the extent to which electrons are involved 
in the hybridisation. Moreover, compounds in which the central atoms appear to 
be five coordinated in solid state, dissociation takes place in soltuion. For example, 
GssGoGl( has been shown to be made up of tetrahedral tetrachlorocobaltate (II) 
ion and Gs* and Gl'ions.*^
The magnetic behaviour of the complex is also baffling. The solid has been 
reported to be diamagnetic/ while it actually should show paramagnetism. On the 
other hand, the solution is paramagnetic showing that it contains unpaired electron. 
Equally interesting is the behaviour in the case of Go(III) complexes which show 
3^  4p* hydridisation and should be diamagnetic. That this is not the case has
been demonstrated by Gambi, Ferrari and Nordelli** for a number of hexanitio 
cobafitate (11^ complexes.  ^ The appreciable paramagnetism of these compounds 
contribution from incompletely quenched orbitals although for these ions of 
tranlitibnal elements orbital angnlar momentum should be negfigible and toe
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magnetic moments are only due to electron spins. From the above, it is thus evident 
that m»snctic measurements too, fail to give an idea concerning orbital hydridisation,
(II) undergoes oxidation and the oxidised product is reducible at the d-m-e. at a
from the nature of the curves i.e. a large inflection at zero current and the great 
difference between the anodic and cathodie half wave potentials.
TABLE I TABLE II




for the composite wave of the 
after partial oxidasion with
Pot. vs. S. 
in volts.
G. E. Galv. reading in 
mm.
Pot. Vs. S. 
volts.
G. E. in Galv. readings 
mm.
0-0 -40-0 0 0 45-0
0 05 -39-0 0-05 -I4-3
0-1 -37-5 0  1 -14-5
0 -2 -34-5 0 -2 •135
0 -^ -25-0 0 3 - 12-0
0’4 - 10-0 0-4 - 80
0*5 - 25. 0-5 - 2-0
0-6 - 0-5 0 -6 - 0-5
1 0 0 0 I'O 1 5
1-1 0*5 1-1 2-0
V‘ 2 1-5 6-0
1-3 35 1-3 16-5
1-4 4-5 1-4 22-5
1-7 4*5 1-7 25*5
1-8 5-0 1-8 26-5
1-9 16-0 1-9 29-0
2 -0 . 36-0 2 0 52-0
(Vide fig. I l l  a) (Vide fig. III6)
DISCUSSION
The results on chemical analysis, amperometry and potentiometry of th« 
complex lead to interesting conclusions regarding its composition and structure. 
Not only ample evidence is available to show that five molecules of potassium 
cyanide react with one mole of Go (II), but some insight into the problem whether 
the complex i> penta or bexa coordinated, has been achieved. No doubt that the
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mediod ot ciiemieat analysis fails to provide a eicar answer to tlie structural coni- 
plexity of the compound, it can be seen that the product formed by the interaction 
of KCN and Co(II) has got the empirical formula K8Co(GN)5HjO with about 
O'lKCN absorbed per mole. The equivalent weight of the compound was found to 
be 322’5 which agrees to some extent with the value calculased for K, Co(CN)jHjO 
The potentiometric and emperometric titrations also show that the complex is a 
pc^acyanide but no information regarding its hexacoordination is obtainw from 
these methods.
Polarographic studies, however, give results of importance which help to 
understand the condroversies connected with its structure. It has been found that 
the freshly prepared complex gives a ^lear anodic wave with E/2 *0'S5 V. This 
wave is definitely due to the pentacyanocobaltate (II) since it is suppressed and 
finally eleminated by oxidising the complex with HjOg. This is contrary to the 
finding of Hume and Kolthoff (ioe. eit) who found that none of the cobalt cyanide 
complex were oxidised at all.
The oxidised product is irreversibly reduced at the d.m.e. at a potential of 
-1*3 volts. That the product is hydropentacyanocobaltate (iii) as seen by its identity 
with the hydroxocompound prepared by the method of Smith and coworkers 
(lot. eit). Both the products give polarograms of the same type with the same half 
degree of covalent character an 1 probable structure for a large majority of cobalt 
(Complexes, including of course, cyanogen complexes.
Our experimental results on the pysico-ehemical investigations on Go(II) cyanide 
complex definitely show that five GN radicals arc bound to the central atom and 
further suggest that the coordination number 6 is maintained by coordinating with 
» water molecule. This behaviour can be explained if we assume that pairing of 
odd electrons in Go(II) occurs by dimer formation and the water is not actually 
eoordinatedy but that it is in the form of lattice water.
Another alternative explanation may be the dimer formation through a water 
H
bridge as (CN)j Co-CK3o(CN)j.H,0, the second H ,0  being lattice bond. Silver 
H
pentacyanocobaltate (III) complex was, similarly, found to be diamagnetic but on 
careful dehydration it gave a compound of the formula Ag, Go(CN)j which was 
paramagnetic. This rather goes in favour of a bridge formation as shown 
above.
It may, therfore, be conduded that the cyanocobaltate(ii) exists in a 
hexaeovalent state both as solid and in solution. In the solid form, the 
aquopenta^Anoeobaltate(II) is stable in the absence of air and moisture, but in 
solution it is readily converted to the hexacoordinated hydroxopentacyano-cobaltate
(III). The latter product again undergoes a gradual change:
2Ks [Go(GN)sOH] K ,  ]Go(GN)4(OH)j! -  Ka[Go(GN),]
On prolonged standing or , on boiling, the hexacyano^obaltate (iii) becomes the 
final product of oxidation.
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